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PROFILES!) OF EXPERIENCE 


The demands of computer and control projects and problems over a 20-year period have 

earned for Librascope an enviable record of experience which is demonstrated by versa- 

tility and reliability in the design, development and manufacture of successful equip- 

ment. New demands of missile projects are reflected in Librascope’s profiles of experience. 

This knowledge can be focused on your computer-control problems with the assurance 

of success. Librascope invites your inqury in this field. A letterhead request will bring | B RASCO P E 
you the Librascope story. 


Engineers interested in challenging new fields are invited to contact Glen Seltzer, Employment Manager. 


LIBRASCOPE, INCORPORATED « 808 WESTERN AVENUE - GLENDALE, CALIFORNIA 
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the first real advance in electronic multipliers 


New GEDA M-160 permits custom-packaging 
of timer and output sections 


How long have you wished for an electronic multiplier 
that would allow you to package timer and output 
sections at will—easily and accurately—to suit the needs 
of different computing problems? Well, wish no more, 


for here it is—the new GEDA M-160. 


With the GEDA M-160, you can package any combina- 
tion of six sections—timer or output—in a single module. 
Depending upon the requirements of the problem, you 
can obtain five products of one independent variable— 
four products involving two independent variables—or 
three products involving three independent variables. 
And, because output sections need not be matched to 
timer sections, you can interchange them at will with no 
sacrifice in accuracy. 


Conservatively speaking, accuracy of the GEDA M-160 
is 0.02% of full scale—phase shift at 100 cycles is within 


0.5 degrees—and noise output is substantially less than 
that of conventional electronic multipliers. 

The new GEDA M-160 Custom-Packaged Electronic 
Multiplier is one more of the advanced-design and engi- 
neering features which make the GEDA A-14 Series the 
most accurate and flexible analog computers ever avail- 
able. Get the complete GEDA A-14 story today. Write: 
Goodyear Aircraft Corporation, Dept. 913GJ, Akron 15, 
Ohio. 


GOODSYEAR 
AIRCRAF 


GEDA —T.M. dy Aircraft Ci 
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Why crystal gaze... 
you can start closing loops now 


with a Beckman / 112 Data Processing System 


No one knows better than the operator of an on-stream process 
facility that fully automatic, closed-loop controllers are a part of his 


future. Perhaps he is already using data processors, or even 
closed-loop controllers of sorts— probably decentralized, multiple-instrument 


installations of analog equipment. No doubt he would like something 


better. He has been promised a whole lot more. 
He has been promised accurate, reliable, fully integrated systems — 
closed-loop, digital controllers that will turn operational nightmares of 
today into the production dreams of tomorrow. And no doubt he will get 
them, but the question is when? Can he afford to wait? 
He doesn’t have to wait. He can swap his crystal-ball system of tomorrow 
for a mirror reflection of his processes today. An accurate, reliable, 
fully integrated data-processing system —compatible with automatic 
controllers—is already a “hardware” reality. The Beckman 112 System 
is at work in the process industries now. Combining the best features 
of analog and digital methods, the 112 is on the job around-the-clock — 
monitoring stream variables, giving off-limit warnings, performing 
the mathematical computations for continuous control, and 
producing digital readout in readily usable form. 
For information on how Beckman Systems Division can provide 
you with a field-tested system to meet your process needs now, 


write for Data File D-12-46. 


Operator sits at streamlined 
112 control console, with 
entire process at 

his fingertips. 


Beckman: = 
Systems Division 


325 N. Muller Ave., Anaheim, California 
a division of Beckman Instruments, Inc. 
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INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS 
Published for engineers and technical management men who are responsible for 


the design, application and test of instrumentation and automatic contro! systems 





Designing Stability into Hydraulic Speed Governors 
E. Y. SOOMIL and V. G. GUINS of Westinghouse Electric Corp. use a relatively 


simple dynamic analysis technique to assure stability in hydraulic turbine-governor design. 


Triggering Electronic Flip-Flops from Mechanical Switches 
R. YII of Burroughs Corp. describes a new transistor circuit that makes mechanical-switch 
inputs compatible with flip-flops by converting “hashy’ wave forms to single pulses. 


A First-Hand Report on Control in British Steel 


D. BARLOW of Control Engineering, London, tells about advances in automatic control 
in the British steel industry resulting from the demand for steel and a labor shortage. 


Data File 9 — Costing Industrial Temperature Measurement 
H. R. KALBFLEISCH of Walter Kidde Nuclear Labs. presents tabular material that per- 


mits quick selection of temperature-sensing element and quick estimation of system cost. 


Management by “Analoging” 
G. K. JOHNSON of Aeronautical Div., Minneapolis-Honeywell, views a company as a 
servo system, deriving a transfer function that relates engineering effort to sales effort. 


Use Photometric Stream Analyzers to Measure Composition 


L. G. GLASSER of du Pont takes a broad look at the four basic varieties of photometric 
analyzers and then thoroughly discusses one of the types — the ultraviolet analyzer. 


Electromechanical, Electronic, and Semiconductor Modulators 


B. T. BARBER of Sperry Gyroscope Co. continues the modulator coverage with typical 
circuits and performance and application data for these three types of servo modulators, 





Hydraulics Control Largest Tube Reducing Mill 


M. LARSON of Bliss and W. J]. BIGLEY of Tube Reducing describe feedback control. 


Computer Demonstrates Missile Yaw 
S. E. DORSEY of NOTS uses a special computer and modified ac scope to show yaw. 


Frequency Response by Sum or Difference 
F. ]. HUDDLESTON of Westinghouse covers a new technique that is fast and accurate, 


Selective Control for Gas Distribution 
K. PFRIMMER of Bristol reveals a system that chooses the correct control variable. 


Continued on next page 
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Control Personality — LOUIS T. RADER 


Engineer turned manager, he sees a bright future for tubeless electronics in industry. 


What’s New in the Control Field 


lirst transistorized data logger installed at Phillips Chemical’s Sweeney, Tex. plant. 
Industry’s Pulse — Labor’s New Assault: The Four-Day Week 

Increased productivity from automatic controls tempts labor to try for a four-day week. 
Editorial — There’s Still a Need 

Industry demands control engineers, even though general engineering shortage has eased 


New Product Developments 


Featured: a tone-telemetering system, low-cost analog computer, chromotograph read-out. 


Abstracts of Technical Papers 
On adaptive vs. linear servos, an accurate stepping motor, applying magnetic amplifiers. 


New Books on Control Engineering 


On the basics of electron devices, linear programming, large-scale systems engineering 


8 Shoptalk 161 Bulletins and Catalogs 
10 Feedback 178 Meetings Ahead | 





General Electric's G. W. Heumann, who wrote the report on Russian industrial control 
(page 22) is well-acquainted with European control techniques. He received a 
master’s degree in electrical engineering at Germany's Technical University of Dresden 
27 years ago, and today he’s an active spokesman for control in U. S. professional 
societies. One of the deepest impressions made on Heumann during his Russian tour 
was the apparently great progress by the Russian economy in the past few years, par- 
ticularly its tremendous activity in new housing a notorious Soviet weakspot. 
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Simpler, faster, more accurate setup 


of function generators 


with the EASE* push-button servo system 


BRIEF SPECIFICATIONS 
Model 1171 Function Generator 
OUTPUT — Voltage Y, within —100 to +100 V, varying in 20 straight- 


line segments which approximate the curve of the function, with a 
desired functional relationship to input voltage X. 


ACCURACY -— Error in setting breakpoint, 0.1% of full scale; error in 
setting output value, 0.05% of F.S.; diode rounding effect for 1:1 
change in slope, 0.1% of F.S. 


DRIFT — 0.03% of F.S. over any one-hour period; 0.07% per day. 
Model 1172 Setup Unit 


PURPOSE — Provides push-button setup with checking facilities. Con- 
tains servo amplifier, switching, precision input voltage, output 
reference divider, and metering. 


ACCURACY — Nulling error + .03% of full scale. 
MOUNTING-—Fits standard EASE* cabinet or any standard relay rack. 
DIMENSIONS —Ponel, 83,” x 19”; depth 144,” plus connectors. 


(Typica! values: full scale 200 V) 


Standard plug-in amplifiers 
simplify servicing 


EASE* 1100 Series computers offer unmatched speed 
and accuracy with virtual elimination of operator 
error in setting up function generators. Consistent 
with the advanced “human engineering” concepts 
reflected in all design aspects of this series, precise 
and completely reliable control of setup is accom- 
plished simply, without adjustment of knobs. 


Up to ten Model 1171 variable base function genera- 
tors are at the operator’s fingertips through the Model 
1172 push-button setup unit. It provides separate 
three-digit arrays of push buttons for setting X and Y 
values for each generator; a simple null checking 
method for verifying output over the entire range of 
inputs; a meter enabling the operator to trim the func- 
tion, and a panel scope for visual monitoring of the 
function curve. 


Model 1171 biased diode type generators approximate 
single-valued functions by means of line segments; 
locate breakpoints with three-place accuracy. Each 
generator incorporates two plug-in DC amplifiers of 
extremely high gain, high frequency response and 
superior stability. 


The Series 1100 servo-setup function generator system 
uses Beckman/Berkeley’s new no-drag clutches, which 
act independently of each other, disengage completely 
after setting, and have operational life exceeding that 
of the pots themselves. This advanced engineering 
achievement is instrumental in providing push-button 
control with accuracy of +.03% nulling error full 
scale. For complete information on the Beckman/ 
EASE* 1100 Series, which is upgrading design and 
performance standards in the analog computer field, 
write to Dept. L10. 


Beckman’: 


FASE COMPUTERS 


Mid. by Berkeley Division, Beckman Instruments, Inc. 
Richmond 3, California 


153. * Trademark 


EASE Computer service is available on a rental basis. For full details, write 
George D. Bekey, Director, Beckman/Berkeley Computation Center, 
307 Park nan Ave., Los Angeles 5, California 
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New, revolutionary Wedge Action 
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Relay announced by ELECTRO TEC! 


Now In Production! 


NEW MARK IT RELAY 

AIDS ULTRA-RELIABILITY 

under most extreme environmental 
and operating conditions. 

(See specifications, left) 

NOVEL WEDGE ACTION SWITCHING 
provides positive contact 

in both energized and 

de-energized conditions. 


Contact pressure constantly increases 
during over-travel. 


Wedge Action now supersedes 

“Wiping Action”. 

@ Removes contaminants from contact surfaces. 
@ Reduces resistance to micro-level currents. 


@ Renders relay extremely resistant to 
shock and vibration. 


BRIEF DESCRIPTION: Six pole. Double-throw 


Miniature unit. Hermetically sealed. Meets and ex- 

ceeds specifications MIL-R-5757C and MIL-R-25018. 
Designers of critical modern electronic equipment, where 
ultra-reliability is vital, are invited to write—or wire col- 
lect—for further details on this entirely new and original 
high-performance relay concept. 


Mark II Relay performance is based on an outstanding 
combination of extremely careful selection of precious 
metals and other component materials; novel—and ex- 
haustively proven—structural design; unique precision 
production processes, exclusive to Electro Tec. 

Mark II Relay Folder, or 
Engineering Departmental Services, available on request. 


ELECTRO TEC CORP. 


South Hackensack, N. J. 


Products of Precision Craftsmanship 


PATENTS PENDING 








@ NEW 4 WATT CTP 1117 


@ Mil Y TYPE 2N297 


SIGNAL CORPS 


Spec. MIL-T-12679A/32 (Sig. C.) 


Expanded line 


of Power Transistors for | 


Audio Output, Power Supply 
and Switching Applications 


Clevite Power Transistors, available in produc- 

tion quantities, offer: 

@ HIGH POWER @ LOW THERMAL 
RATINGS RESISTANCE 


a eee WELDED 
PACKA’ 


* meneenTee SEAL 


@ HIGH POWER 
GAIN 

@ LOW DISTORTION 
Check the outline specifications for 
the type of performance you get from 
Clevite Power Transistors. 

For on-the-job help with specific ap- 
plication problems, our engineers are 
available for consultation. 

Data sheets B-211, B-214 and B-216 
provide all the facts on Clevite Power 
Transistors. Write for your copies. 


CLEVITE 


TRANSISTOR PRODUCTS 
A Division of Clevite Corporation 


241 Crescent St., Waltham 54, Mass. 
TWinbrook 4-9330 
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SHOPTALK 


From the Seafair to Disneyland 


Starting at Boeing in Seattle during Seafair Week (which 
featured Northw est besuties and the Gold Cup races) Man- 
aging Editor By Ledgerwood pounded the West Coast beat 
for three weeks. He also visited Los ~— and San Diego 
(via Disneyland) and ended up in the San Francisco area 
with a week at Wescon. There is a little discouragement on 
the coast because of recent military cutbacks and sisetchouts. 
By reports, but the military control field is exploding higher 
than ever and a sizable interest in industrial control is beonn- 
ing apparent as well. Prime areas of progress and interest are 
infrared techniques, inertial guidance, automatic test and 
checkout systems, and digital computer control, evidence of 
which will appear in the forthcoming issues of ConTrROL 
E-NGINEERING. 


We’re Not a Weekly, but— 


There’s nothing that Associate Editor Lew Young likes bet- 
ter than a hot news story possibility right before closing. The 
Russian announcement of a successful ICBM gave him just 
this, and within a few hours he was using phone, 7 ‘eletype, and 
telegraph to find out what missile scientists at White Sands, 
the Pentagon, Air Research & Development Command, and 
in England thought of this statement. Conclusion: They feel 
it is true and were not surprised, though the general public 
was. For the complete story, see page 30. 


A Place in the Sun 


No, this isn’t about a moving picture, but about Editor-in- 
Chief Bill Vannah’s keynote talk to the Systems Engineering 
Workshop at the recent ISA meeting in Cleveland. In his 
usual straightforward manner, Bill onttines the field of mod- 
ern oonteel systems engineering and even introduced a new 
particle—the “Regutron” (second cousin to a photon) —in 
discussing the systems engineering universe. 


And They Call This Work 


How would you like a three-day junket, including a flight 
from Washington to the Naval Air Station at Pensacola, k fh, 
a helicopter ride out to the aircraft carrier Antietam for the 
first public showing of the new automatic carrier landing sys- 
tem developed by Bell Aircraft, and a return flight to Wash- 
ington? Assistant Editor Frank McPartland thought it was 
quite a lark, but in addition was mighty impressed by the 
accuracy of the system and by ag faith that Lt. Cmdr. Don 
Walker, Navy test pilot, had in it. See What's New, page 
34, for details. 














ROMAN MYTHOLOGY’S guard of the gates of Heaven was a 
concept which anticipated the many-sighted eye of today’s 
color display tube. Color designation in display of micro- 
wave information increases our ability to differentiate 


moving from stationary objects, enemy from friendly air- 


LITTON 








Janus Comes Down To Earth 


craft, hazardous from safe terrain, meaningful signals 
from noise —to name only a few uses. We have for you 
a brochure on industrial and military applications of the 
Lawrence single-gun color display tube. Included in the 


brochure is an explanation of Post Deflection Focusing. 


INDUSTRIES BEVERLY HILLS, CALIFORNIA 


Plants and Laboratories in California, Maryland, Indiana, Utah and New York 


DIGITAL COMPUTERS & CONTROLS RADAR & COUNTERMEASURES INERTIAL GUIDANCE SPACE SIMULATION RESEARCH 


MICROWAVE POWER TUBES AUTOMATIC DATA PROCESSING 


SERVOMECHANISMS PRECISION COMPONENTS & TRANSFORMERS 
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Do you 


of pressure 


transtlu 
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-COompany 
ges does... 


“and uses Statham Model PAIB3 
~.. pressure.transducers in 


The Navy's P6M Martin SeaMaster 
is a 600-1nile-per-hour pioneer air- 


craft of tomorrow's 
plane striking forces. 


mobile sea- 


The Model PA183 pressure 
transducer is available in 
ranges from 0-5 to 0-1,000 ps 
absolute with characteristics 

ideally suited to flight test 
The transducing element 
is the rugged Statham unbonded 
strain gage. A feature of 
the design is that the case 
permits stacking one 
instrument upon another 


WHEN THE NEED 
IS TO KNOW...FOR SURE 
SPECIFY STATHAM 


Please request Bulletin No. PA183TC 


LABORATORIES 
LOS ANGELES 64, CALIFORNIA 
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FEEDBACK 


What's in a word? 
To THE Eprror: 

We have attempted without success 
to find a generally accepted definition 
of the term “automation”. Do you 
have a suitable definition or can you 
suggest where one might be obtained? 

Clyde A. Norton 
Remington-Rand Div. 
Sperry Rand Corp. 
South Norwaik, Conn. 


We try not to use the word “auto- 
mation,” and so do most technical 
authors and speakers, because there is 
no agreed-upon definition; you get a 
different one from almost everybody 
you ask. In our concept, automation 
is a logical extension of a long-existing 
trend toward mechanization. ‘There are 
a couple of agencies hard at work try- 
ing to establish a standardized defini- 
tion, however. One of these is a study 
committee set up by the Engineers 
Joint Council and chairmanned by 
C. E. Davis of the ASME staff. Brown 
Instrument Div. of Minneapolis- 
Honeywell has published a report on 
a survey of what automation means to 
their customers; and Centralab, in its 
advertisement in technical magazines, 
has surveyed readers’ opinions. Ed. 


Information please—numerical control 
To THE Epiror— 

Is there available a text book that 
treats, from the elementary to the 
advance commercial development, the 
functions of magnetic tape as applied 
for linear positioning control mecha 
nisms and, more particularly, as ap 
plied to control of machine tools? 

How is the signal fixed in or on the 
tape and how is it sensed or read? 

What are vour_ suggestions 
sources of information? 

W. F. Newhouse 
Saranac Machine Co. 
Benton Harbor, Mich. 


fol 


No book of the type you’re looking 
for is available. However, the follow- 
ing group of articles published in 
CONTROL ENGINEERING should 
furnish you the information you need 
on principles and commercially avail- 
able components. 

1. “Digitalize Shaft-Position by In- 
duction,” November 1954, p. 54. 

2. “Measure Motion to 0.0001 in. 
Without Friction or Wear,” April 
1955, p. 50. 

3. “Automatic Machining—A View 
and a Preview, Pt. 1,” September 


1955, p. 112, Pt. 2, November 1955, 


FIs 
4. “Numerical, Punched Tape, Ma- 
chine Tool Control System,” Septem- 
ber 1955, p. 132. 

5. “Tracing an Electronic Contour- 
ing System—From Idea to Applica- 
tion,” April 1956, p. 65. 

6 “Inchworm Holds Tools to Mi- 
cro-inch Accuracy,” September 1956, 
p. 40. 

7. “Machining From Recorded In- 
formation,” September 1956, p. 110. 

8. “Automatic Programming of Nu- 
merically-Controlled Machine Tools,” 
October 1956, p. 65. 

9. “Digital Machine-Tool Control 
Simplified,” December 1956, p. 103. 

10. “The Power-Stepping Motor— 
A New Digital Actuator,” January 
1957, p. 74. 

11. “Punched Tape to Shaft Po- 
sition—Mechanically,”’ January 1957, 
p- 111. 

12. “Can you Take Advantage of 
the Cyclic Binary Code?”, March 
1957, p. 87. 

13. “Applied Digital No. 11: 
alog-to-Digital | Converters,” 
1957, p. 107. 

14. “Interpolating Between Points 
for Continuous Machine Control,” 
June 1957, p. 114. 

And watch for the forthcoming 
November and December issues. ‘They 
will feature a review and analysis, by 
Associate Editor John Cooney, of all 
commercially available numerically 
controlled point-to-point positioning 
systems. Ed. 


An- 
April 


information please—data processing 
lo THE Eprror 

We anxious to obtain 
copies of the booklet, “Integrated 
Data Processing—A Factual Analvysis,” 
mentioned in CONTROL ENGINEERING, 
December 1956, page 161, 
109. 


+ ) 
are tw 


reference 


Elliott Brothers 
Century Works 
London, England 


To obtain copies of the booklet, 
write to Ditto, Inc., 6800 North Mc- 
Cormick Rd, Chicago 45, Ill. Ed. 


Information please—refinery simulation 


‘To THE Eprror 

Please refer to page 173, Conrro1 
ENGINEERING, Vol. 4, No. 8, item 
“Refinery Simulation—From ‘Use of 
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Multiple 
Pressures with 
ONE TRANSDUCER 


! 


SCANNER* 


Designed to pneumatically switch a num- 
ber of pressure sources into a single out- 
put port, the SP-101 Pressure Scanner 
introduces entirely new concepts into the 
field of pressure instrumentation. By pro- 
viding an economical means of measuring 
a multitude of pressures, this device will 
accelerate the growth of automatic pres- 
sure recording in fields where it was 
heretofore economically unfeasible. Addi- 
tionally, the pressure scanner not only 
reduces the number of transducers re- 
quired for multiple pressure measure- 
ment but can be used to increase accuracy 
of measurement with presently available 
components. This is done by automati- 
cally introducing calibration and/or zero pressures during each recording 
cycle, permitting calculation of exact transducer response; and thus 
enabling greater measurement accuracy. Also, since the transducer is 
vented to atmosphere between pressure ports, hysteresis effects are mini- 
mized, contributing to greater measurement accuracy. 


MODEL SP-101 
PRICE $395.00 


Basically, the SP-101 consists of a stator having 12 input ports, and a 
rotor that connects any one of the twelve input ports to an output port. 
The rotor is rotated to a desired position by a unidirectional high-torque 
motor, whose operation is controlled by means of a positive positioning 
arrangement. A relay circuit is incorporated in the unit to provide dy- 
namic. braking in order to stop the motor in a position where the rotor 
and stator ports are in coincidence. 


The SP-101 Pressure Scanner can be used in applications that require 
the measurement of 12 pressures, all within the same transducer range. 
The unit can be externally programmed to switch pressures in any 
sequence desired, or it can be operated by means of a manual switch to 
select pressures to be measured. 


TYPICAL 
SYSTEM 
USING ONE 
TRANSDUCER 


SP-10 
PRESSURE 


APPLICATION NOTES: 


BY USING ONE pressure scanner to inter- 
rogate twelve other pressure scanners, 
as many as 144 pressures can be meas- 
ured with only one transducer. A 
block diagram of a typical system is 
shown in Fig. 1. The 144 pressure in- 
puts are connected to twelve pressure 
scanners. One output for each of these 
scanners will be connected to the in- 
put ports of an additional pressure 
scanner. The output of the latter scan- 
ner will thus sequentially scan the in- 
puts of the 144 pressure variables. The 
aforementioned system is generally ap- 
plicable wheve all pressures fall with- 
in the same range. 


IN NUMEROUS APPLICATIONS, such as in 
engine test and wind tunnel operation, 
pressures vary over a wide range dur- 
ing the course of a recording cycle. 
With conventional multi-pressure re- 
cording systems, considerable measure- 
ment errors often result when the 
pressure drops to a small percentage 
of full scale. 

IN ORDER TO ACHIEVE greater accuracy 
of measurement, the overall range is 
broken up into a plurality of smaller 
ranges. The SP-101 in combination 
with other Datex components can be 
used in an arrangement allowing the 
value of the pressure to be determined 
prior to measurement: permitting the 
appropriate pressure range to be se- 
lected so the optimum measurement 
accuracy can be provided. 








PRESSURE 
SCANNER 
#1 











PRESSURES 


sete 
*MANUFACTURED — 


UNDER LICENSE FROM 
UNITED AIRCRAFT CORP 





>» IDENTIFICATION 











SPECIFICATIONS 
FLUIDS: 
Air and non-corrosive dry gases 
PRESSURES: WHERE A PLURALITY of transducer ranges 
From 0.1 psia to 350 psig are required, the input pressures are 
POWER: connected to the pressure scanner as- 
50 watts, 115V a-c, 60 cycle sociated with the range which will 
CONNECTIONS: offer greatest accuracy. This system is 
Input and Output-Ye”NPT illustrated in Fig. 2. An increase in 
POSITIONS: 12 overall system speed is possible over 
Designed for that of the single transducer operation. 
bulkhead mounting. As an example; assume a system con- 
taining ten pressure scanners that will 
be controlled in two groups of five 
each. While the transducers asscciated 
with the second group are being 
scanned, the first group is positioned 
to the next point. In this manner, the 
er ear, of group number one are 
ing stabilized while the transducers 
of group two are being recorded. 











Typical Datex Digital Data Recording System 
for Recording 60 Pressures 


For additional detailed information, write for Bulletin SP-101-1. 


GIANNINI DAT E | ar 


1307 South Myrtle Avenue, Monrovia, California 


G.M. GIANNINI & CO.,INC. 918 EAST GREEN STREET * PASADENA, CALIFORNIA 
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THE MARK OF QUALITY 


ultra- 
sensitive. 


relays 


HELPFUL DATA FOR YOUR 
CIRCUITRY IDEA FILE... 


(No. 6 in a series by Barber-Colman Company) 


BARBER 
COLMAN 


The circuit shown below indicates 
just one of the hundreds of ways 
many manufacturers utilize Barber- 
Colman Micropositioner ultra-sensi- 
tive relays to solve complex control 
problems. Could this be the answer 
to some of yours, too? 











POSITION CONTROL WITH 
TRANSISTORIZED MICROPOSITIONERS © 


The MYZA transistorized polar re- 
lay is a Barber-Colman Microposi- 
tioner with a built-in preamplifier 
so that it requires greatly reduced 
input power to operate the contacts. 


The MYZA relay is particularly 
useful in positioning circuits where 
transmitting and follow-up potentio- 
meters are necessarily small and 
have a limited power capacity or 
where a high degree of accuracy 
must be achieved. 


In the circuit illustrated above, each 
potentiometer dissipates only one 
watt, yet rod position in an atomic 
power pile is indicated within 0.1 
per cent. Movement of the trans- 
mitting potentiometer, R1, geared to 
the pile rod, provides the input error 
signal to the MYZA relay. Contacts 
energize a Barber-Colman shaded 
pole motor coupled to the follow-up 
potentiometer, R2, and to a position 
indicator. Both potentiometers are 
shorting types. 


MYZA relays are custom-engineered 
to the requirements of each appli- 
cation. Write for 

technical bulletin 

F 7754-2. 


BARBER-COLMAN “ 
MICROPOSITIONER &® 
POLARIZED DC RELAYS ~~ 
Various types . . . plug-in, solder- 
lug, screw terminal, hermetically 
sealed. Operate on input powers of 
40 to 1,000 microwatts for use in 
hotoelectric circuits, resistance 
Celine circuits, and electronic plate 
circuits. Send for data. 


BaRBER-COLMAN COMPANY 
Dept. V, 1848 Rock Street, Rockford, Illinois 
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FEEDBACK 


Computers in Refinery Simulation’ by 

A. F. Pixley, IBM Petroleum Dept., a 

paper presented at the ISA Instrumen- 

tation and Control Symposium, Ber- 

keley, Calif., May 14, 1957”. From 
whom may we procure this paper? 

G. I. Randall 

Canadian Oil Cos., Ltd. 

Corunna, Ontario 


Write to Mr. Pixley at the IBM 
district office, 120 Montgomery St., 
San Francisco 4, Calif., for a copy of 
the paper. We have no word yet that 
proceedings of the symposium will 


be published, Ed. 


Information please—telemetering 
To THE Eprror— 

Could you send us information as 
to where the proceedings of the 1956 
Telemetering Conference are available 
and the price of this literature? 

James G. Phillips 

Eberline Instrument Div. 
Reynolds Electrical & Eng’g Co. 
Santa Fe, N. M. 


The price of the proceedings is $3. 
Obtain your copy from Mr. Hugh 
Pruss, Federal Electronic Corp., 1136 
Los Palmas Ave., Los Angeles 38, 
Calif. Ed. 


Information please—testing on-the-fly 
To tHe Eprror— 

We have read the article “Testing 
Metals On-the-Fly with Eddy Cur- 
rents” (CtE, Vol. 4, No. 8), and would 
like to contact manufacturers of this 
type equipment. Our interest is weld 
inspection of aluminum and steel tub- 
ing. 

Dean W. Roper 
Gordon & Morgan Machine Co. 
Lincoln, Neb. 


Ditto 
To tHe Eprror— 

Refer CtE, Aug, ’57 issue, page 79, 
article on eddy currents. Would you 
send us the name of the instrument 
company which handles the eddy cur- 
rent detector. 

S. ]. Fitzgerald 

Diesel Equipment Div. 
GM Corp. 

Grand Rapids, Mich. 


Mr. Hochschild, the author of the 
article, reports these sources of eddy- 
current testing equipment: 


. Metrol, Inc., PO Box 485, Berkeley 
1, Calif. (his company) 
. Magnaflux Corp., 7300 W. Law- 
rence Ave., Chicago 31, Ill. 
. Magnetic Analysis Corp., 511 5th 
Ave., New York 17, N. Y. 
. J. W. Dice Co., Englewood, N. J. 
5. Institut Dr. Forster, Reutlingen 
Wiirtt, W. Germany. 
He advises that the Institut Dr. 
Forster holds top world position in 
this type of testing. Ed. 


Information please—IFAC 


To THE Eprror 

I saw in the last issue of Ingenieria 
Internacional-Industria an article about 
the Internationa! Federation of Con 
trol Engineers, in which I am _ pat 
ticularly interested, as my work is re 
lated to these lines. I would, there 
fore, like to have more information 
on this subject and presume that you 
are the one to furnish me with the 
necessary information so as to become 

a member of this association. 
Ramon Salgado 
H. Briones y Cia Ltda 
Santiago, Chile 


The item you read was a press re- 
lease sent out to announce the forma- 
tion of an international federation of 
automatic control. The organizing 
meeting will take place Sept. 10-12 in 
Paris. This country and Canada will 
be represented by North American 
Control Council delegates Rufus Ol- 
denburger (Purdue Univ.), Harold 
Chestnut (GE), and John Lozier (Bell 
Labs). They will carry with them 
your request for individual participa- 
tion in the technical and professional 
activities of the association. 

CtE’s European Editor will cover 
the organizing meeting and he’ll also 
check the question of individual par- 
ticipation. The November issue of 
CtE will carry the story. Ed. 


FORUM ON STANDARDS 


One of us who attended the 2l1st 
Westinghouse Machine Tool Elec- 
trification Forum, April 24 and 25, 
talked with R. B. Colten of the Gen- 
etal Motors Technical Center about 
the subject of his paper, “Standards for 
Industrial Electronic Equipment’, 
presented there. Our discussion 
prompted us to abstract Colten’s pa- 
per because it pointed out improve- 
ments in JIC standards which are 





necessary for assuring minimum qual- 
ity levels in manufactured industrial 
electronic control equipment. How- 
ever, we withheld abstracting in favor 
of obtaining more up-to-date com- 
ments from the author. Here they 
are. Anyone care to add his two cents 
worth? <A bright two cents worth 
will net you an engraving of The 
Great Emancipator. Ed. 


lo tHE Eprror 


“Standards of Limited Scope” men- 
tioned in my talk were prepared, some 
two or three years ago, by ou group 
in the Process Development Section 
of the General Motors ‘Technical Cen 
ter and used. An Electronics Com 
mittee we have organized in the cor- 
poration has been in the process of 
preparing a preliminary set of stand 
ards for the past year. When com 
pleted, they will cover (quoted from 
the paper 
* ratings and specifications 
* components 
* physical construction 
*wiring, soldering, and other connec 
tions 
*instructions and diagrams, including 
symbols, nomenclature, and parts lists 
* ventilation 
‘operating characteristics, including 
frequency and ease of calibration and 
adjustment. 

We have no battle with “JIC 
Electrical Standards for Industrial 
Equipment” per se. ‘These standards 
ire a noble attempt to achieve a 
standard of quality previously unob 
tainable in electrical controls. Obvi- 
vusly, everyone cannot be expected to 
be in agreement with every detail in 
the specifications. However, specific 
deviation can always be agreed upon 
between purchaser and vendor Phe 
JIC Standards were not originally 
designed to cover electronic equip 
ment, and onlv in the last revision 
have they acquired any appreciable ref 
erence to electronic equipment. 

These sections of the JIC Electrical 
Standards for Industrial Equipment 
adopted March 20-22 specifically refer 
to clectronic equipment: E11.1.3 B 
diagrams), F11.1.8A (symbols), 

voltages other than 115v) 

precision devices), E16.2.10 
ventilation of enclosures and compart- 
ments), 17.2.2 C (intermediate con 
trol panels), E20.2.2 (insulation), 
20.2.5 (wiring), E20.2.2 (insulation 
and voltage ratings of internal wiring), 
E20.5b (minimum size of conductors) 


Im recorders and 


wud, recording controllers 


COLMAN .»-Wheelco gives you 


the “‘extras’’ that 
really count 


Wheeleo 
Inctrumente 


Series 8000 Recorders and Recording Controllers — available in a 
wide range of models, these self-contained null-balancing elec- 
tronic instruments feature convenient swingout design for easy 
chart and instrument maintenance. Multi-point recorders keep 
permanent records of up to 16 points on a single chart — feature 
up to six limit switches for high and/or low signal indications .. . 
single- or multi-color printing ...3 to 24 in. per hr recording speeds. 


Automatic Reset for Recording 
Controllers—available with 
Series 8000 instruments for 
demanding processes where small 
capacitance requires wide pro- 
portional settings and where 
offset eannot be tolerated. Tam- 
perproof cover protects all ad- 
justments, leaves necessary 
controls available to operator. 


See them in Booth 941 Metals Exposition 


Prove in your own plant that more accurate controlling and 
recording makes a big difference in precision processes. 
Wheelco Instruments not only provide outstanding operating 
characteristics but feature easier adjustment, inspection, and 
maintenance. Get the complete story by calling your nearby 
Wheelco field engineer or writing today for Bulletin F-7955. 
Wheelco gives you faster deliveries, too! 


BARBER-COLMAN COMPANY 


Dept. V, 1548 Rock Street, Rockford, Illinois, U.S.A 
BARBER-COLMAN of CANADA, Ltd., Dept. X, Toronto and Montreal, Canada 


Industrial Instruments ° Automatic Controls ° Air Distribution Products 
Aircraft Controls * Electrical Components * Small Motors * Overdoors and Operators 


Molded Products °* Metal Cutting Tools * Machine Tools °* Textile Mo 
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designing-~ 


a product 


Don't worry . 
mr- lolol mial—ma-ir-h\4— 


ps SRY AYA ae 
sede abe ad.” 

Wie roy a) re} 

rr 
P 4 
/ 
F We'll take care 
of that 


for you. 


Simplify your job— 
save time and money. Let our engineers 
figure out the right relay for your 
requirements. Just send specifications, 
we'll submit suggestions promptly. 


No cost or obligation. 








QUOT :\:c1R\¢ company 


: 3349 ADDISON ST., CHICAGO 18, ILLINOIS 
a 
< 
‘| 
RELAYS + SOLENOIDS + COILS + SWITCHES + HERMETIC SEALING 


14 CONTROL ENGINEERING 


| FEEDBACK 
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E21.1.8 (wiring practices), E25.1.2 
(testing), Appendix A (section on 
graphical symbols for electronic tubes), 
and about half of the device designa 
tions. 

The following could be construed 
to apply to electronic equipment 
E10.2,3,5,6,7,9; Ell.1.1 A; E11.1.4, 
5.6,7,8; E11.2.1,2,3; E11.3; £12.1,2 
E.12.5,6,8 3; E12.9; E12.10: E13.1, 
2,4.1,4.2; Table II—Motor Overcut 
rent Protective Device Ratings, item 
on high-reactance squirrel-cage motors; 
E13.5.4; E14.2.1,3,5; E14.3.1; E14.4; 
E.15.1.1,3,4,6,8; E15.2,5; E16.1.1, 

9; 216.3; ay _EI?.1.4,2.2B, 
,2.6; FE 

55.1; 
20.4.1: E 
‘L, 3.4-5, 8 9, 3 1 
2.1,3-4; E24.6.1; F251: E26.1,2. 

It i is our feeling that the people who 
wrote these standards did not realize 
the impact they could have upon 
manufacturers of electronic equip- 
ment. We feel, therefore, that they 
will be happy to see our new electronic 
standards and I predict that they may 
be incorporated, almost as written, 
into the JIC Standards. 

R. B. Colten 

Process Development Section 
General Motors Technical Center 
Detroit, Mich. 
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Wanted: bound reprints of 
Digital Series 
To THE Eprror— 

I have followed your Digital Series 
with much interest during the course 
of its presentation in Conrrot ENcr- 
NEERING. 

Since the digital material presented 
constitutes excellent reference infor- 
mation, I would like to know if any 
consideration is being given to mak 
ing the Digital Series available in re- 
print form or in the form of a bound 
booklet. I would be willing to pay 
a nominal charge for this digital in- 
formation in a more convenient form. 

John R. Stoltz 
Sperry Gyroscope Co, 
Sunnyvale, Calif. 


Yes, we have plans for reprinting 
the Digital Application Series (14 ar- 
ticles) as a bound volume. It will 
be available early in October at a single 
copy price of $3.00. The 13 articles 
in the Digital Basics Series will be 
re-edited and published in book form 
by the McGraw-Hill Book Co. in ’58. 
Single copies of most of the 27 articles 
are still available from our Reader Sery- 
ice Dept. at 25¢ apiece. Ed. 





Burroughs is first with the full 
power of a giant electronic 
computing system at half 

the cost...the Datatron 220. 
First too, a medium-priced 
system with a full magnetic core 
memory, increasing productivity 
10 to 15 times over previous 
systems. Designed for both 
scientific computation and 
business data processing. 
Delivery of the Datatron 220 
will begin during the 2nd 
quarter of 1958. For a summary 
of its benefits, write to Dept. O, 


Pasadena, California: 


ElectroData Division 
BURROUGHS CORPORATION 


GRAPHIC + MECHANICAL + ELECTRO-MECHANICAL + ELECTRONIC SYSTEMS 


extending the usefulness of man's mind 











Liquid Sulphur from 
Individuel Wells Toylor 


Tronsaire Volumetric 
Differential Pressure 


Transmitter 


Steom Heoted 
Collecting Pen 


LIQUID SULPHUR 
FLOW MEASUREMENT 


Steam Heated 


Taylor 
Flow Recorder 


Sulphur Pon 
Set in Ground __- 
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Type 95 flange, for use with 
chemical tee. For flow instal- 
lations where diaphragm is 
flush with inside of pipe, so 
that process fluid imparts a 
scouring action. Also for 
liquid level applications 
where diaphragm should be 
flush mounted, 


Lilla te PRE Se yea - 





New Laylor Volumetric 


Differential Pressure Transmitter 


PURGE, SEAL PROBLEMS 
ECONOMICALLY ! 


Ideal for these difficult flow and liquid level 
measurements: 


e Slurries 
Corrosive liquids 
Colloidal suspensions 
Fluids that jell when not in motion. 


The new Taylor 205T Volumetric Differential Pressure 
Transmitter is completely isolated from the process 
material. Thus it never has to be purged of de- 
posited material, never suffers from corrosion. 
The pressure-sensitive diaphragms may be in- 
stalled flush with the inside of the pipe or tank 
in a variety of mountings. The temperature 
limit is 300° F. at the diaphragms. Fressure 
limit of the instrument is 1500 lbs., and the sys- 
tem is limited only by the flange rating on the 
primary side. 


This instrument is a modification of the familiar 
Taylor 333RD differential pressure transmitter, 
and is just as accurate, sturdy and dependable. 
For full details about this new instrument, ask 
your Taylor Field Engineer, or write for Bul- 
letin 98281. Taylor Instrument Companies, 
Rochester, N. Y. and Toronto, Canada. 


c $a 
Taylor Lnslrumenta 


———— MEAN ———— 
ACCURACY FIRST 











VISION - INGENUITY - DEPENDABILITY 


Wafer type sensing element, 
for use with Standard 3” 
ASA flange, where dia- 
phragm need not be flush 
mounted with process. For 
example, corrosive flow or 
liquid level measurement or 
colloidal suspensions. Stand- 
ard diaphragm material, for 


both types, 


316 Stainless 


steel, Hastalloy B, nickel. 
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ELECTROMAX 


Yd 


Py as 


Design simplicity minimizes maintenance; sturdy 
components resist normal shock and vibration. 
Precisely calibrated slidewire and circuit resistors 
hold stability. For easy servicing, amplifier slides 
out of case; standard vacuum tubes are used . . . 
their replacement requires no special selection. 


| 
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Compact Electromax controller mounts flush in 
panel: Leads are brought to terminal board lo- 
cated on back of case. Net weight about 27 pounds. 
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Thermocouple Electromax 
Controller for 
temperatures up to 3200 F 


¢ 0.3% LIMIT OF ERROR 

° 10 fv" CONTROL DEAD BAND 

* CONTINUOUS STANDARDIZATION 
© 4-WEEK DELIVERY 


*0.5 F for base metal thermocouples; approximately 
oO 


1.5 F for platinum thermocouples 


Combining all the accuracy and reliability of a 
modified d-c potentiometer with a drift-free ampli- 
fier detector, this new Electromax signalling con- 
troller provides low-cost electronic two-position 
control where a record or continuous indication is 
not required. It’s ideal for many electric and fuel- 
fired furnaces, ovens, plastic extruding machines, 
and some types of chemical processing units. Other 
uses include zone control on continuous ovens and 
kilns, and excess (overheat) temperature cutout 
control. 

This compact signalling controller has only two 
moving parts—a plug-in relay and converter 
(chopper). These, together with simple circuitry 
and liberal use of plug-in components (including a 
plug-in amplifier), minimize maintenance and re- 
duce initial cost. To speed start up of your process, 
Electromax is delivered four weeks after receipt 
of your order. 

Other standard features include both thermo- 
couple and amplifier fail-safe, and automatic ref- 
erence junction compensation. Amber and red 
signal lights indicate whether process temperature 
is above or below set point. 

For additional information on the thermocouple 
Electromax, call your nearest L&N office or write 
4918 Stenton Ave., Philadelphia 44, Pa. Ask for 
Preliminary Data Sheet ND47-33(1). 


LEEDS NORTHRUP 


Instruments Automatic Controls « Furnaces 





A CONTROL PERSONALITY 


| | T. RADER harnesses electronics for control 


There used to be a firm conviction that elec- 
tronic gear would never infiltrate industrial control. 
Electronic tubes made it too unreliable, too expen 
sive. But today, control engineers turned electronic 
engineers have punctured that myth. They are de- 
veloping electronic equipment that is every bit as 
dependable as the electromechanical gear it is re- 
placing and the cost is downright competitive. 

Typical of these new practitioners of electronic 
control is Louis T. Rader, the lanky Canadian-born 
PhD who heads up General Electric’s Specialty 
Control Dept. at Waynesboro, Va. Rader spent 
ten years working on conventional industrial con 
trol projects before he plunged into electronics. 

Since 1953, when GE’s Specialty Control Dept. 
was created, “Doc” Rader and his engineers have 
helped “rewrite” the definition of electronics. “It 
no longer means the branch of physics that treats 
solely of electron tubes,” enthuses Rader, “now it’s 
that branch of engineering that starts with small 
signals and converts them into useful work.” 

“Historically,” he says, “you could do anything 
with electronics—but at a cost. Now we are reach- 
ing the point where electronics can do the job 
cheaper and more dependably.” To do this, Rader 
sees a combination of electronic gear with mechan- 
ical relays, like those specially designed for air- 
craft service. “Because aviation requirements are so 
severe, these relays will stand up exceptionally well 
in industrial applications where the users want com- 
plete reliability.” 

Machine too! control is one area for which Rader 
predicts a big future for electronic controls. He’s 
formed an interesting concept to justify the use of 
numerical controls. “Numerical control will be eco- 
nomic,” he says, “in industries that demand big ex- 
penditures of engineering time per unit produced. 
It probably won't pay off in something like auto- 
mobile production where the units are manufac 
tured in millions, but it will make a lot of sense in 
fabricating a product such as an airplane.” 

Lou Rader has been making a lot of sense since he 
graduated from the University of British Columbia 
with a BSEE in 1933. He went to California Insti- 
tute of Technology to earn his MS and PhD de- 
grees, and while there traveled in a group that has 
turned out a flock of outstanding control personali- 
ties: Si Ramo (CtE, Sept. ’57, p. 19), Dean Wool- 
dridge, J. W. McRae (head of Sandia Corp.), John 
R. Pierce (“traveling waves” expert at Bell Labora- 
tories) and Howard Griest at Hughes Aircraft. 

In 1937, fresh out of Cal Tech, Rader joined GE 
as a test engineer. After completing the company’s 
advanced engineering program he was assigned to 


what was then the Control Div. His work centered 
around extensions of his doctoral studies: he probed 
the secrets of arc suppression and conducted re- 
search into arc-resistant materials, both aimed at 
boosting the life of relays and contactors. During 
this period, Rader wrote almost 20 high level tech- 
nical papers. One of the most significant reported 
and analyzed five or six ways of treating inductance, 
opening new areas in a subject that engineers had 
previously thought they understood pretty well. 

In 1945 Rader left GE to become head of the 
Electrical Engineering Dept. at Illinois Institute 
of Technology. But the lure of industrial con- 
trol drew him back to GE two years later as man- 
ager of the Control Div. engineering laboratory. 
Later he was made manager of engineering and in 
1953 was appointed general manager of the newly 
created Specialty Control Dept. 

Rader’s two-year stint at Illinois ‘Tech mirrors 
the deep interest he has in education and school 
systems. Most of his outside interests concern young 
people in one way or another. He frequently coun- 
sels high school students who are not sure of the 
kind of career they want. And he’s active in the 
Boy Scout movement as a member of the Executive 
Board of the local area council. 

One of the key points in the philosophy that 
Rader imparts to both students and his engineers 
is that design work can’t be conducted in a vacuum. 
It’s this belief that has shaped the guiding concept 
at Waynesboro—“You can’t just hang controls on 
a machine.” Rather, Rader says, the system has to 
be designed in close rapport with the machine de 
signer to provide optimum value and service. And 
that’s the approach that Rader says is cutting out a 
niche for electronic controls in today’s industry. 
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Photodiode 


Type IN77B 


... puts tinier beams 


Sylvania designs a smaller photodiode 
with improved capabilities to handle 
applications where space is limited 


- Sylvania, leader in diode development, introduces the 

Light sensitivity of the new Sylvania photo- 1N77B, a new smaller junction photodiode with superior 

SR see power dissipation and higher temperature capabilities. 
The improved unit, with a diameter of .077 inch, is ideal 
for highly compact assemblies and other applications 
where space is at a premium. The new 1N77B, which 
replaces type 1N77A, is now available at substantially 
lower prices in volume quantities. 


The compact construction and fast response of the 
Sylvania 1N77B make it ideal for rapid, highly sensitive 
scanning and reading applications, such as in computer 
tape or punched cards readout. The new unit is also readily 


ei gi, 3B “Sylvania—synonymous 
Spectral Response of Sylvania’s new 1N77B with GP) Semiconductors 33 
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A fraction of an inch in diameter, new Sylvania photodiode, type 1N77B, is ideal 


of light to work 


for computer tape readout. It operates in the visible and infrared regions 


.010” Dia, 
Tinned 
Leads 














adaptable to infrared detection and heat-seeking devices 
because it is sensitive to light wave lengths extending 
from near ultraviolet into infrared. Other applications , pil _ 
for the new 1N77B include liquid level control, headlight 

and street light dimmers, intensity controls, photoelectric Sylvania’s new photodiode, type 1N77B, 


controls and motion picture sound pickup. is nearly 20 percent smaller in diameter 
Hoe? . than type 1N77A which it replaces 
‘ Sylvania’s improved photodiode has a higher lumen 


intensity than other types and a high output impedance. 

This is especially advantageous when coupling into TABLE OF RATINGS & CHARACTERISTICS 
vacuum tube or grounded collector transistor circuits. 

The new units are hermetically sealed in glass with a 

built-in lens that focuses light on the sensitive portion of 

the junction. The light interruption frequency response 

of the 1N77B photodiode is flat from 300 cycles to 15 ke 

at 100 percent with 260 lumens/sq. ft.; Ry, = 110,000 

ohms, —45 v. 


Contact your Sylvania representative for further in- 
formation on the new 1N77B. 


T SyYLVANIA ELEctTrRIc Propucts INc. 
yy 1740 Broadway, New York 19, N. Y. 
In Canada: Sylvania Electric (Canada) Ltd. 


Shell Tower Bidg., Montreal 


LIGHTING RADIO TELEVISION ELECTRONICS 
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WHAT’S NEW 


The Russians Step Up the Pace 
in Industrial Control 


When Mr. Heumann went to Russia as a U. S. delegate to the Moscow 
meeting of the International Electrotechnical Commission, he had the 
opportunity to visit plants, development laboratories, industrial exhibits 
and schools. We asked him, as a specialist in industrial control, to 
report his impressions of what the Russians were doing in industrial 
control for CONTROL ENGINEERING’s readers. 


G. W. HEUMANN 
General Electric Co. 


Russian engineers are committed to 
a Herculean task: catching up with 
Western technology in industrial con- 
trol in the shortest time possible. A 
tour of Russian facilities last summer 
provided visitors with an impression of 
tremendous activity along carefully 
prepared lines. ‘he present status: 

Pemphasis on training engineers; 
education is continued through a 
unique world-wide information gather- 
ing service. 

P priorities in technical areas 
deemed specially important (such as 
ICBM missiles as described on page 
30); but a willingness to copy West- 
ern technology in other areas. 

> manual motor starter control is 
prevalent in manufacturing plants; but 
a transition to magnetic control has 
started. 

P widespread use of magnetic ampli- 
fiers in the feedback control of adjust- 
able de drives. 

Pa complete absence of electronic 
controls using electronic tubes; photo- 
electric controls are practically never 
used—but ... 

P heavy emphasis on the use of nu- 
clear energy for industrial control. 

Educational activities indicate the 
hectic pace the Russians have set for 
themselves. Each year some 50,000 
engineers are trained at college level 
(U. S. expects to graduate 34,000 en- 
gineers this year; then 30,000 per year 
for the next three years). ‘Teachers 
give an impression of competence, and 
laboratory and demonstration equip- 
ment in the schools is excellent. Staffs 
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of technical translators review, ab- 
stract, or translate the technical pub- 
lications of the world, channeling this 
information into a nation-wide system 
of documentation which enables So- 
viet engineers and scientists to inform 
themselves on the state of the art in 
any area. 

In their effort to build up their 
economy and to industrialize thei 
country, the Soviets have assigned 
priorities to engineering effort in vari- 
ous fields. Some areas are considered 
worthy of major effort by engineers 
to expand the frontiers of knowledge, 
to engage in original development 
work, and to surpass the West. In 
other areas, Soviet engineers are satis- 
fied to assimilate the technology of 
the West, to learn all of the West's 
technology, but no major effort is 
made to invest capital, time and talent 
in new developments. 

When the last five-year plan was 
launched in 1955, Premier Nikolai 
Bulganin told engineers they should 
not be too proud to copy the designs 
of others, if such designs were ade- 
quate for Soviet needs. 

¢ Priority for energy—In the elec- 
trical engineering field, top priority has 
been given to the establishment of a 
system of generating, transmitting and 
distributing electric energy. Ambitious 
plans are under way to expand power 
facilities, and a majority of engineer- 
ing graduates are channeled into power 
plants and power apparatus develop- 
ment and design. 

Power utilization equipment, on the 
other hand, does not rate such high 
priority. Soviet planners are satisfied 
to maintain old equipment in running 
order. The economic incentive for 


plant modernization to reduce costs 
and to stay competitive in a free mar- 
ket has been lacking. This may change 
when the decentralization plans are 
consummated, a program aimed at es- 
tablishing competition between plants 
within the borders of the Soviet 
Union. 

A visit to several manufacturing 
plants making electrical apparatus pro- 
duced an impression that equipment 
is old, machines are individual units, 
and manual control is prevalent. Much 
of the machinery came out of Ger- 
manv after the last war, and there is 
some American equipment dating 
from the 1930’s still being used. Also 
in use were a few magnetic starters, 
and one master-switch operated mag- 
netic controller for a rod mill. 

The bulk of the motor controllers 
were manual across-the-line starting 
switches for small motors, face-plate 
starters and drum switches for larger 
motors. The controllers, although old, 
looked well-kept and apparently see 
quite a bit of maintenance. ‘The manu- 
facturing plants looked orderly, house- 
keeping was good, and the products 
created a well-built and workmanlike 
appearance. ‘lo American visitors it 
seemed that the Russians have ac- 
quired the necessary know-how to run 
industrial machinery, and to run it 
competently. 

Although we did not have an oppor- 
tunity to inspect a modern manufac- 
turing plant, we saw evidence that a 
transition to magnetic control has 
taken place. The laboratories of the 
Moscow engineering school contain 
ample and excellently equipped facili- 
ties for students to test motors and 
magnetic motor control. In addition 





to the working apparatus, there were 
numerous exhibits of control devices, 
some assembled, some exploded, for 
use in teaching control techniques to 
the students. 

Examples of magnetic control appa- 


lines similar to our own. We ‘noted 
the absence of “motor protective 
breakers” which are widely used in 
Europe. Instead, the functions of 
motor overload and fault protection 


capacity fuses containing strands of 
silver wire embedded in silicate pow- 
der, and assembled in a ceramic body. 
In appearance, these fuses resembled 
German designs. 

We did not see any industrial regu 


are segregated and handled by sepa- 
rate devices. Molded-case air circuit 
breakers were exhibited in various 
frame sizes with dual-element thermal 


ratus are maintained at a permanent 
industrial exhibition which has been 
established on the outskirts of Mos- 
ow to show the most modern Soviet magnetic trips. 
machinery to foreign and domestic I'hree lines of fuses-are used. Small 
visitors. One key display is a magnetic fuses are plug-type, following Eu 
control device (see box). ropean industrial practice. Larger 
¢No motor breakers—As far as fuses look like NEC fuses with round 
motor branch-circuit protection is barrel and blade-type connectors. We 
concerned, Russian practice follows also saw a line of high-interrupting 


lators but we saw components for us¢ 
in them. We saw stacked-core type 
saturable reactors and metallic recti 
fiers, and we were told that magnetic 
amplifiers are used fot feedback con 
trol of adjustable-voltage dc drives. 
Russian guides said that rotating am 
plifiers are used for the same purpose. 
Ihe saturable reactors on exhibit were 
of comparatively small size, probably 





Soviets Turn to Magnetic Control 


\ heavy-duty line in sizes 4 to 6 resembled a 
German design, and these contactors are intended for use 
on mill auxiliaries. The existence of this line of mill-type 
1c contactors indicates that the Russians follow the Eu 
ropean practice of powering mill auxiliary drives with ac 
motors in many cases where American 
prefer adjustable-voltage de drives 

For motor protection, single-pole, lirectly heated 
bimetallic thermal overload relays are us¢ These relays 
ire so arranged that they can be assembled on ac con 
tactors, or sepaiately mounted. Interchangeable nichrome 
heaters coordinate relays and motors. A tripping curve 
exhibited in one of the laboratories indicated that the 
relay characteristics resemble those of equivalent U. S. 
built relavs. The permissible stall time is of the order of 
20 seconds. For small motors inherent protectors are 
used consisting of a molded round box housing a tem- 

Inspection of this panel indicates that Russian control perature-responsive snap-dis¢ ; 
engineers have followed the same basic principles which Pushbutton units look much like U.S.-built heavy-duty 
have influenced American control designers. he exhibition units. They are assembled in surface-mounted or flush- 
panel onsists of slate bases, supported on angle iron frame mounted stations. Indicating light m ts na be included 
work braced to the rear wall. Manv devices are bench in the stations. For use on control desks, there are flush- 
mounted master switches with vertical ift and pistol 
grip handle. For heavy mill and crane duty there are sur 
face-mounted master switches with horizontal shaft and 
vertical handle, double-break bridge-typ ontacts being 
actuated by interchangeable cams cut to obtain desired 


contact-closing sequence —G.W.H. 


of shaft-type contactors with sleeve bearin was seen in 


$1Zes 3 to 5 


yractice would 


assembled as a unit, and live studs may be used as supports 
to the insulating base. Most devices shown are not suitable 


for mounting on steel. The panel is wired in the back 
with varnished-cambric insulated wire having an outside 
flame-resistant braid, flat-wired, cleated to the base. ‘The 
wiring job is neat with straight runs and 90-degree bends 
Molded terminal boards with cap-screw type connections 
are used for out-going control leads 

I'here are two lines of dc contactors. One is a general 
purpose line using a “broken-back” armature. Single-polc 
and multi-pole forms with and without blowouts are shown. 
his design is used up to the equivalent of size 2. Larger 
contactors are heavy-duty mill-type single-pole contactors, 
the largest one exhibited is the equivalent of size 7. Thesc 
contactors are heavily constructed, the armature rocking 
on a knife-edge bearing. De accelerating relays are definite 
time type, the timing being obtained by flux decay. The 
same 1¢lay carcass is also used for single-pole and multi 
pole auxiliary relays, with or without blowouts 

I'hree lines of ac contactors are built. Small contactors 
used on control panels and in individual starters, are verti 
cal-lift type, and they seem to be built up to size 2. In 
the larger sizes there are two lines. A general purpose line 
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| RAMBLINGS ON 


INSTRUMENTATION _ 


Are manufacturers’ 
representatives human? 


Everybody knows that 
manufacturers’ repre- 
sentatives are (1) un- 
educated and technolog- 
ically incompetent, (2) 
interested only in mak- 
ing a buck, (3) unm 
familiar with the prod- 
ucts they seil. In order 
to confirm these hoary 
generalizations we con- 
ducted a survey of our 
sales force (all inde- 
pendent manufacturers’ 
representatives, inci- 
dentally). Somehow the 
results don't support the 
above conclusions; to 
wit: 

64% of the sales and service person- 
nel of our representatives have college 
engineering or science degrees (BSME 1s 
the most popular degree). Almost with- 
out exception those who do not possess 
formal college degrees have taken or are 
taking extensive night and correspond- 
ence courses in engineering and science 
subjects. Nearly 20% are Registered 
Professional Engineers 

70% belong to at least one engineer- 
ing or industrial society (ISA was the 
most popular with ASME second). Of 
this “‘joiner’’ group one out of three 
(35%) has served his society in some 
elective office (e.g. Section President, 
Board Member, National Delegate, etc. ). 
Of course, our most glittering example of 
society service is Judd Vollbrecht of 
Energy Control Company, New York, 
who is just completing his term as 
National President of The Instrument 
Society of America. 

A surprising number are also involved 
in community and fraternal activities like 
JC’s, Chamber of Commerce, Rotary, 
Boy Scouts, Elks, Masons, K of C, etc. 

On top of this, a check of attendance 
records at our Product and Service Train 
ing Schools here in Michigan City and 
Regional Sales Refresher Courses through- 
out the country reveals that the salesman 
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or serviceman gets training from factory 
ersonnel at least once every two years, 
Siacntoaie more often. Furthermore, in 
order to keep you posted on our prod- 
ucts and their performance, he must read 
reams of “poop’’ (catalogs, service tips, 
instructions, installation stories, etc. ) 
which spew forth from ‘‘the Factory’’ 
every week as well as put up with (and 
maybe learn something from) the Hays 
engineers who visit his territory at the 
darndest times. 

All in all, this adds up to a picture of 
an ‘‘average’’ (and they hate this term) 
Hays’ representative as being a pretty 
well educated guy who not only works 
hard at making a buck but also finds time 
to (a) keep learning on a regular basis 
about the products he sells (b)) help ad- 
vance al through society ac- 
tivity (c.) make his community a better 
place in which to live 

Did it just happen that we have this 
kind of maces 9 working for both you 
and us ? No—it has taken a lot of effort 
alone and in co-operation with other 
manufacturers in a venture called Indus- 
trial Marketing Associates 

I'll elaborate more on IMA next month. 


Incidental Intelligence 
(Toward-One-World Division) 


We just learned of the experiences of a 
group of engineers who built a limited 
vocabulary computer for fast translation 
of English to Russian and vice versa. 
Seems the boys decided to feed in Eng- 
lish phrases for translation to Russian, 
then requested the computer to re-trans- 
late to English. First test was the phrase 
The spirit 1s willing, but the flesh 1s 
weak’’—1it came back “‘The ghost is 
ready, but the meat 1s raw.’’ Next they 
tried ‘‘out of sight, out of mind”’ and 
became much more sympathetic with 
Mr. Dulles when the following spewed 
forth—‘‘Invisible Idiot.”’ 


‘le Spped 
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WHAT’S NEW 


of several hundred watt capacity. W« 
did not see large power-stage type 
magnetic amplifiers. 

There was a complete absence of 
electronic control utilizing electron 
tubes. We saw no electronic motor 
controllers in schools, laboratories, o1 
industrial exhibits. We also noted a 
complete absence of photoelectric con- 
trols. The only device employing a 
photoelectric tube we saw was an in- 
strument for grading pelts for sheen, 
utilizing the degree of reflection of 
light by the pelt. 

e Atoms for control—Some very in 
teresting applications of the use of 
nuclear energy for industrial control 
purposes were shown at the industrial 
exhibition as part of an exhibit on “the 
peaceful use of the atom”. The de 
velopments shown illustrate the use of 
radioactive isotopes for measurement 
and control. 

One exhibit showed equipment for 
counting soda bottles on a conveyor. 
A radiation beam emitted from a cap- 
sule containing radioactive material is 
directed across the conveyor to a 
receiver. When a bottle intercepts the 
beam, the receiver responds and gen- 
erates a control signal. On this appli- 
cation the radiation beam is used in 
the same manner in which we use the 
interception of a beam of light for 
photoelectric counting. 

Two other exhibits demonstrate the 
gauging of the thickness of material. 
One machine is intended for thin ma- 
terials, and a roll of cotton tape is 
given as an example. The other ma- 
chine is intended for thick materials, 
and a strip of linoleum serves as an 
example. Since both machines were 
enclosed and sealed, we could not in- 
spect the working parts but a guide 
explained that both machines measure 
thickness by measuring the absorption 
of the beam of radiation. The result- 
ing signal can be used for indication 
and inspection, or for controlling the 
process machinery. 

Another application concerns mark- 
ing. The problem: to grade steel with 
an indelible mark which permits later 
identification and sorting. A spot of 
irradiated material is welded to the 
steel, the characteristic of its radiation 
being coded to the grade of steel. 
When this grade of steel is placed in 
a reader, the indication on a radiation 
receiver identifies the grade of steel. 

The appearance of the control ap- 
paratus we had an opportunity to in- 
spect was neat and workmanlike. It 
gives the impression that Russian en- 
gineers are competent to design and 
apply magnetic control equipment. 





MAGNETIC 
TAPE 
APPLICATIONS 
BY AMPEX 


How magnetic tape converts blueprints to parts 


From numbers to metal without templates or models 


Photo Courtesy of Lockheed Aircraft Corporation 


This part was made with “production tooling” 
that cost less than conventional machining on a 
single sample. The “tooling” was a reel of mag- 
netic tape programmed from blueprints by com- 
puter and electronic director. In a kind of ma- 
chine-shop black magic, the part sprang into 
being on a Giddings and Lewis Numerically Con- 
trolled Milling Machine. Much larger parts are 
also similarly made on this same mill. 


NOW AT WORK 
IN ACTUAL PRODUCTION 


This is not just a futuristic experiment. A com- 
mercial version has been delivered to a number of 
manufacturers. The first, at Lockheed Aircraft 
Corporation, produced 96 different complex parts 
in its second month of operation. Lockheed is 
using the tape-controlled mill to improve toler- 
ances, eliminate human error and cut machining 
costs — often by over 50% ($21.32 versus $69.50 
per part on one item). It is used for cams, tem- 
plates and other intricate tooling — also for pro- 
duction parts on Lockheed’s supersonic F-104 
“Starfighter.” 

From initial experience at Lockheed, tape- 
controlled machining shows promise of reducing 
lead time from drawing board to production of 
parts by 60 to 70 percent. Since the “complete 
sets of tooling” are reels of tape, they can be 
stored as neatly as a row of books. Additional pro- 
duction runs can be made with a minimum of 
setup. 

Earlier, at the Giddings and Lewis factory, 
tape-controlled milling was used to make one-of- 


AMPEX FIRST IN MAGNETIC TAPE INSTRUMENTATION 


a-kind cams and templates for 
tracer-controlled machines. Cost 
on a competitive bid basis was 
less than 50% of that for same 
work by conventional means. 
Ironically, this intricate tooling 
is what numerical control will 
eliminate wherever it supplants 
tracer-controlled machines. 


A SIMPLE WAY TO 
HANDLE A MILLION 
COMMANDS 
For the numerically controlled 
mill, magnetic tape provides 200 
commands per second, each de- 
fining exact tool positions in 
three linear coordinates (angu- 
lar coordinates too, on some). 
A minimum signal commands 
only 0.000125 inch of tool motion. One reel of 
tape programs up to 1% hours of machine time. 
These closely spaced commands are ideal for 
a self-correcting system of servo controls. Also 
they eliminate need for expensive computing and 
interpolating equipment at the individual ma- 
chine. Centralized programming can make tapes 
for many machines and is not tied to the time- 
consuming repetitions of actual production. 
With its fourteen tracks, a one-inch magnetic 
tape has ample reserve for extra functions. Six are 
used for tool-position coordinates. The others con- 
trol start, stop, coolant, and even voice instruc- 
tions for impending tool change. Tracks can even 
be shared by several functions, allowing still fur- 
ther expansion. 


Control tape on an 
Ampex FR-100 can 
hold over 1 million 
commands for each 
axis of tool movement 





We will be glad to furnish more facts on mag- 
netic tape recording and its use in machine tool 
control. Write Dept. HH-8. 
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WHAT’S NEW 


Texas ethylene plant in- 
stalls first transistorized 
data logger. It improves 
reliability, but its high 
cost raises question of 
how to justify installa- 
tion. One answer: use the 
data logger to boost proc- 
ess yield. 


TRANSISTORIZED 


Critics of automatic data logging 
equipment will be watching closely 
this month when the world’s largest 
ethylene cracking and purification unit 
starts operating with a new kind of 
automatic data logging equipment. 
Designed to answer the complaint of 
lack of reliability, the new information 
system—a Beckman 112—represents the 
first automatic data logger installation 
based entirely on semiconductor and 
magnetic core circuitry. It will monitor 
continually and log periodically up to 
+00 points (temperatures, pressures, 
and flow-rates) at the Phillips Chemi- 
cal Co.’s new Sweeney, Tex. ethylene 
plant. 

One of the big obstacles to wide 
user acceptance of automatic data log 
ging systems has been reliability (CtE, 
Jan. °57, p. 21). Users say that two 
key trouble spots are the electronic 
vacuum tubes and the stepping 
switches. 

¢99.9% continuous operation—In 
the Beckman 112 system, the vacuum 
tubes have been replaced by tran- 
sistors, crystal diodes, and magnetic 
core amplifiers. Stepping switches are 
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Pinboard programming (foreground) and modular design (engineer is removing a 
typical one) impart a high degree of flexibility to data processing system 


DATA LOGGER: 


Reliability — but at a Price 


hermetically sealed and immersed in 
dielectric oil to boost life and decrease 
the maintenance problem. 

The Beckman logger will assuage 
another user gripe: the need for spe- 
cially skilled electronics maintenance 
men. Beckman has packaged the data 
system so that process-plant instru- 
ment technicians can perform neces- 
sary maintenance—all the  system’s 
components are mounted on standard- 
ized plug-in circuit boards. ‘Trouble- 
shooting techniques are aimed at 
narrowing the source of trouble to a 
single board, which can then be re- 
placed as a unit. Beckman claims the 
new system will perform 99.9 percent 
continuous operation. 

The plant instrumentation asso- 
ciated with the data system includes 
168 pressure gages that measure both 
pressure and flow (by the differential 
pressure method), 200 thermocouples 
that measure temperatures ranging 
from minus 200 to nearly 2,000 deg F, 
and stream analysis instrumentation. 

¢ Backup instrumentation—Although 
Phillips is betting over $100,000 that 
the Beckman system has the answer to 


data logger reliability, the chemical 
company is still not using the data sys- 
tem as a super-controller for the entire 
plant. The Sweeney control room 

said to be one of the most mod- 
ern in the world, with green-tinted 
windows through which operators get 
a panoramic view of the plant—con- 
tains a secondary instrumentation sys- 
tem based on 200 display instruments 
and multirecorders. ‘This backup at 
rangement includes 70 controllers tied 
into minor control loops that by-pass 
the data system. 

However, one of the major objec- 
tives that Phillips has set for the log 
ging equipment is to increase the yield 
of the ethylene-makirg process by 
supplying information to operators 
that will give them closer control of 
process variables. Design capacity of 
the Sweeney facility is over 200 mil- 
lion pounds of ethylene gas per year, 
stored at 1,500-lb pressures in under- 
ground salt caverns. The chemical 
company thinks that even a small per- 
centage increase in yield will pay for 
the logger in less than a year. 

e More than a logger—The feature 





Plug-in circuit boards narrow .troubleshooting routines 
so instrument technicians can perform maintenance. 


that Phillips is counting on to do this 
is the big computing capacity that 
Beckman has built into the 112 sys- 
tem, capacity that is easily pro 
grammed through pinboards. Key to 
optimum ethylene making, Phillips 
thinks, is flow rate at various places in 
the process. But to be meaningful, 
these gaseous flow rates have to be 
compensated for temperature and 
pressure (feed stock is ethane, propane 
or butane gas). 

The Beckman 112 first compensates 
the flow rates, then monitors the com- 
puted result. Warnings supplied by 
the data logger as variables stray off 
normal limits will alert plant operators 
to take action to bring the offending 
variables in line. With the close con- 
trol Phillips expects to cut down on 
losses from two sources: hydrocarbon 
molecules that are never cracked to 
ethvlene, and molecules that are 


Scanning module can handle 5(0-inputs. 


cracked too far to unusable product. 

Heart of this watchdog scanning op- 
eration is a group of input switching 
modules, each one capable of handling 
50 input channels. The 50-channel 
module is the basic building block of 
the system and contains its own pre- 
amplifier and program pinboard. ‘To 
prevent “‘ground loops”—spurious sig- 
nals originated by differences in 
ground potential between the sensing 
clement and the data system—the 
scanning module “floats” with the 
sensing element: it is never directly 
connected to the balance of the data 
system. 

¢ Built-in computer—Computation 
is accomplished primarily by analog 
devices, operating at high speed with 
a minimum of electrical hardware. Pro- 
gramming, storage, and readout, how- 
ever, are all in digits. And the equip- 
ment can take up to three inputs from 
digital computers or instruments. 

An element that Beckman claims 
helps build reliability is a specially de- 
signed analog-to-digital converter, a 
high-speed _ transistorized switching 
network that measures incoming an- 
alog signals to an accuracy of one part 
in a thousand in less than 1/100 sec. 

From a design standpoint, the most 
conspicuous feature of the 112 svstem 
is the modular assembly, based on 
functions rather than hardware. This 
lends a high degree of flexibility to the 
equipment. For example, there is a 
square-root module that can be left out 
of the system without hindering op- 
crations if no square roots have to be 
calculated. If requirements change in 


available 
to industry 


Ready for quick shipment to 
you... Kellogg’s top-quality 
Cam Keys. The T frame con- 
struction allows any number 
of spring combinations of 
either locking, restoring, or 
both locking and restoring 
type. These Cam Keys are 
rugged and withstand the 
most severe breakdown test 
of any key on the market. 
Kellogg supplies industry 
with a top-quality line of keys, 
relays, jacks, plugs, and other 
components. Inquiries on 
quantity lots invited. 


KELLOGG SWITCHBOARD AND SUPPLY COMPANY 
A Division of International Tele- 

phone and Telegraph Corporation. 

Sales Offices: Dopt. 72-J 

Ch'cago 38, I. 
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A JOURNAL OF INSTRUMENT ENGINEERING 


This quarterly journal is available to all who are concerned and interested 
in precision electrical instruments. 
The October issue includes two main items :— 
1. ‘The D-729 Phasemeter and Some Applications’ 
by A. Cooper, B.Sc., A.M.1.E.E. 
‘The Analysis of Muscle Potentials by Means of a Muirhead-Pametrada 
Wave Analyser’ by A. Nightingale, M.A., F.Inst.P., Physics Department, 
Guy’s Hospital Medical School, London. 


News of the latest additions to the range of Muirhead Synchros and Servomotors 
is now a regular feature. 


The cover design shows 
the latest Mufax fully 
automatic weather 


chart recorder. 


Write and have your name included on our ‘Technique’ mailing list. 


IRHEAD Precision Electrical Instrument Makers 


MUIRHEAD INSTRUMENTS INC., 677 Fifth Ave., New York 22, N.Y., U.S.A. 
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the future, the square root module can 
be added at anytime. 

eA new problem—The reliability 
and greater flexibility of the Beckman 
112 go a long way towards answering 
criticism’ raised against automatic data 
loggers. But the same features that 
dampen criticism of reliability give 
rise to still another weakness. Design 
for reliability and flexibility costs 
money. The higher cost of such data 
loggers makes it that much harder to 
justify the initial installment. 

Users are apparently handling this 
conservatively by using automatic data 
loggers in big installations where it is 
possible to rack up big savings by im- 
proving the process or yield, savings 
that can pay for the logger in a short 
time. The Phillips installation is the 
second big installation in _ recent 
months to rely on data logging equip 
ment for efficient operation. The 
other: Tidewater Oil Co.’s new 130,- 
000-barrel-per-day refinery, in which 
refinery management ‘s counting on 
automatic data logging equipment to 
keep the installation running effici 
ently (CtE, June *57, p. 24). 

Just how well the Beckman 112 
serves the Phillips installation can go 
a long way to answering some of these 
questions. It’s another reason why 
eves of instrument men are being 
focused on Sweeney, Tex. In the bal- 
ance could be the solution to the 
conundrum: reliability versus the cost 
of reliability. 


Fireflash Missile Uses 
Electronics and Pneumatics 


When Britain took the wraps off 
the production air-to-air missile, Fire- 
flash, observers noted that its guid- 
ance system combined electronic and 
pneumatic hardware. Using electronic 
techniques for initial guidance—the 
missile brackets a radar beam laid on 
the target by a parent aircraft equipped 
with a simple permission-to-fire com- 
puter—Fireflash system transmits elec- 
tronic inputs into clectro-pneumatic 
valves to actuate pneumatic pistons 
that trim the four rudders. 

Operating at speeds of Mach 2, the 
Fireflash is being built by Fairey Avia- 
tion Co.’s Weapons Div. 

a 

Hydraulic components made by 
lick-Reedy’s new manufacturing 
plant will be cooled and heated by 
the U. S.’s biggest heat pump. Using 
rainfall as source of water for the air- 
conditioning equipment, the $540,000 
multistage pump will provide year- 
round conditioning for 220,000 sq ft. 





ACTUATION PROBLEM too tough for ordinary devices? 


SAGINAW CAN HELP YOU SOLVE IT! 


Saginaw b/b Screws 


guaranteed 90% efficient 


—offer 6 major ad- 
vantages for designers 


Available in custom machined and commercial 
rolled thread types — have been built from 112 
inches to 3914 feet long—% to 10 inches diameter. 


Nut glides on steel balls. Like stripes on 
a barber pole, the balls travel toward 
end of nut through spiral “tunnel” 
formed by concave threads in both 
screw and mating nut. 


VITAL POWER SAVINGS. With 

guoronteed efficiency of 90%, Sag- 
inow b/b Screws are up to 5 times as 
efficient os Acme screws, require only 4% 
es much torque. This permits much smoller 
motors with far less drain on the electrical 
system. Circuitry is greatly simplified. 


2 SPACE/WEIGHT REDUCTION. Sog- 
inaw b/b Screws permit use of smaller 
motors and geor boxes; eliminate pumps, 
accumulators and piping required by hy- 
draulics. In addition, Saginaw b/b Screws 
themselves cre smaller and lighter. Units 
hove been engineered from 1 in. to 
39 ft. in length. 


PRECISE POSITIONING. Machine- 

ground Saginow b/b Screws offer a 
great advantage over hydraulics or pnev- 
matics becouse a component can be posi- 
tioned at a predetermined point with 
precision. Tolerances on position are held 
within .0006 in./ft. of travel. 


At end of trip, one or more tubular 
guides lead balls diagonally back 
across outside of nut to starting point, 
forming closed circuit through which 
balls recirculate. 


4 TEMPERATURE TOLERANCE. Nor- 

mal operating range is from —75° to 
+275° F., but assemblies have been de- 
signed in selected materials which function 
efficiently as high as +900° F. These units 
ore practical where hydraulic filvids have 
lost efficiency or reached their flash point. 


LUBRICATION LATITUDE. Even if 

lubrication fails or cannot originally 
be provided because of extreme tempera- 
tures or other problems, Saginow b/b 
Screws will still operate with remarkable 
efficiency. Saginaw units hove been de- 
signed, built and quolified for operation 
without any lubrication. 


FAIL-SAFE PERFORMANCE. Far less 

vulnerable thon hydraulics. In addi- 
tion, Saginaw offers three significant ad- 
vontages over other mokes: (1) Gothic 
arch grooves eliminate dirt sensitivity, in- 
crease ball life; (2) yoke deflectors and 
(3) multiple circuits provide added assur- 
ance against opercting failure. 


YOUR FREE COPY OF THIS 

NEW b/b SCREW AND SPLINE 
“PROBLEM SOLVER’ SHOWS HOW 
36 pages crammed with time-, work-, and money- 
saving facts: Principles « Types « Basic Operations « 


Coupling Methods « Efficiency « Advantages «¢ 
Selection Factors « Design Data « Sample Problems 


SAGINAW 
b/b SPLINE 


@ Averages 40 times 
lower coefficient of 
friction ordi- 
nary sliding splines! 


than 


Utilizing the same basic gliding ball principle, Saginaw has 
developed the Saginaw b/b Spline which radically increases 
the efficiency of transmitting or restraining high torque loads. 


It can be fitted with integral gears, clutch dogs, bearing and 
sprocket seats, ete. Units have been built from 3 inches to 
10 feet long—%% to 6 inches in diameter. 


SEND TODAY FOR THIS FREE 1957 
ENGINEERING DATA BOOK... 


or see our section in Sweet's Product Design File 


Saginaw Steering Gear Division 
General Motors Corporation 

b/b Screw and Spline Operation 
Dept. 7V, Saginaw, Michigan 
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SAGINAW STEERING GEAR DIVISION OF GENERAL MOTORS 
WORLD’S LARGEST PRODUCER OF BALL BEARING SCREWS AND SPLINES 
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MINIATURIZATION 
IN EVERY | 
PRODUCT LINE WHAT’S NEW 


ICBM Success Upgrades 
RF CONNECTORS Soviet Missile Technology 


Subminax® RF connectors to set The Soviet Union's announcement 
the highest standards of reliability | of a successful ICBM _ test hring 
for miniature components shocked the general public, but mis- 

: : 3 sile engineers around the country were 

iy ) . not surprised by the news. In Wash- 
ey y ington, government intelligence agen- 
cies had been aware of Soviet ICBM 
RG CABLES prototype launchings for at least four 
months. At missile design installa- 
Subminax cables—polyethylene or tions, engineers had known that the 
Teflon—mate with Subminax con- | Russians were doggedly concentrating 


nectors—complete the reliability 
circuit 





every resource on the development of 
a long-range ballistic missile. 

None of the engineers that Con- 
rROL ENGINEERING contacted doubted 
that the test had been completed. As 
one British engineer put it, “The 
USSR rarely overcalls its hand in the 
RACK & PANEL CONNECTORS ay iation and missile field.” 
rhe big questions that the test gen- 
Amazing Micro-Ribbon connectors | crated were: 1) How far are the Rus- 
use flexible “ribbon” contacts, 


Sele” osteeteke © iit sians from volume production of an 
r uall . . 

see ee a Y | operational ICBM? and 2) How much 

performance 


precision have they achieved in their 
controls and guidance systems? Brit- 
ish engineers offered the typical feel- 
ing when they answered the first with, 
“We only wish we knew.” However, 
there’s been plenty of deduction and 

some substance to answer the second. 
AN CONNECTORS Ballistic systems—One missile en- 
Miniature AN-type 165 seriescon- | ginecr told Conrrot ENGINEERING 
nectors are widely used in military | that the Russians have based their 
and commercial equipment work 100 percent on ballistic systems 
as far as long range missiles are con- 
cerned. ‘They use the premise that the 
missile must leave the earth’s atmos- 
phere to travel at incredibly fast speeds 
and extremely long ranges. ‘They've 
practically ignored “air breathers” or 

MICROPHONE CONNECTORS pilotless planes. 

New Miniature Micrephene Con- | _ Another engineer with contacts in 
nectors represent AMPHENOL’s | [urope said that the Russians were 
latest contribution to the art of | stressing standardization. ‘They ap- 
miniaturization parently are working on three types of 
ballistic missiles, (in addition to a 


ron ae tn souped-up version of the German V-2), 
i) POET y aff 














a 600-mile missile, a 1,500-mile mis- 
\ om sile and a 5,000-mile missile. All three, 
| he said, are purported to have similar 


| guidance systems, power plants and 
AMPHENOL Industrial Distributors carry stocks of stand- | propellants. The Russian ICBM 
ard AMPHENOL components in order to provide im- 


caiinte series (designated T-3 or M-104) is believed 
AMPHENOL ELECTRONICS CORPORATION | to use the same subsystems developed 
chicago 50, illinois |for the shorter range (1,500 miles) 

IRBM (designated ‘I-2 or M-103) 
| Both here and in Britain, engineers 
| agreed that the control system for the 
—— Soviet ICBM was undoubtedly an 
AMPHENOL CANADA LIMITED inertial guidance system, probably 
toronto 9, ontario | Similar to the one that will go in the 

Russian IGY satellite. 

lor fuel, the Russians appear to be 
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for a truly high-speed, low cost digital printer. It may be connected directly to digital counting 


instruments and will print, on standard adding machine tape, the count measured 
during each counting sequence. Important features include: Parallel Entry, 

No Stepping Switches, Relays or Moving Contacts. 

Furnished standard with 6 digit print-out 


Subsidiary of 


ish , , iS ae ne 
but up to 12 digits is optional. Write today for complete specifications he 
2 


Company 
Computer-Measurements | Corp. 
5528 Vineland Ave., No. Hollywood, Calif, 2. Dept. 84-« 
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| WHAT‘S NEW 


concentrating on liquid propellants. 
They are probably using more powerful 
rocket engines than those the U.S. 
plans. The T-3 ICBM is supposed to 
be a two-or three-stage vehicle—each 
rocket being of nearly equal power 
(U.S.’s IRBM Atlas reportedly has a 
single liquid-propellant engine with 
two boosters). The Russian IRBM is 
supposed to be powered by a first- 
stage rocket engine with 245,000-Ib 
thrust and a second-stage motor with 
77,000 Ib. 

Washington experts believe that 
current missile progress in Russia is 
built on native scientific talent, under 
the direction of Chief Marshall of 

: = Aviation N. F. Zhigarey and Army 
Provides new standards Aline. Ro! . Marshall N. D. Yakovlev. They savy 
of performance for . , : that in recent years, the Soviets have 
series reguldtor service cut their dependence on captive Ger 
man brain power. 

e Mechanics’ role—British engineers 
and German missile scientists working 
for the U.S. don’t agree with the 
Washington premise. They say that 
the Russians captured some scientists 
and virtually all the German missile 
mechanics. And the mechanics, engi- 


Requires Fewer Passing Tube Sections neers feel, may be the key to the Rus- 


. sian success. It’s no secret that one of 

Permits Lower Range Control Circuits the knottiest problems is getting the 

hardware to work. Good mechanics 

This Chatham Twin Power Triode provides both low internal drop and are the most important ingredient in 

excellent control sensitivity. Series regulators have previously had to : missile a particularly on a pro- 
compromise these characteristics. The very low-mu triodes provided totype, missile testers say. 

" . ea Despite the success of the Russian 
adequate low tube drop while the high sensitivity control character- ICBM, engineers feel that U.S. design 
istics could be obtained only from beam power tubes. Where both techniques are probably ahead of the 
performance features were demanded it was often necessary to resort 


Soviet’s. Sharp evidence: Russian 
to parallel operation of a large number of tubes, or by complicated missile hardware is bulkier than 
control amplifier circuits. 


American. Atlas, for example, stands 
For more information about the 6528, or for help with any special about 65 ft without the boosters, 
tube problem, write Commercial Engineering Section, Chatham Elec- weighs about 100 tons. The Russian 
tronics, Division of Tung-Sol Electric Inc., Livingston, N. J. T-3 ICBM is believed to weigh up to 
150 tons and to stand 160 ft high. 
As a result of the success of the Rus- 


RATINGS sian ICBM, the race to launch the 

st ez satelli : > hotter 

Max. Plate Dissipation per tube... .60 watts Max. Heater Cathode Voltage > te arth itellite h as become h tter 
Max. Plote Dissipation per section. ..30 watts Amplification Factor* than ever. In the balance 15 the claim 
Max. Steady State Plate Current per section. . Transconductance per section*. . 37,000 ymhos to undisputed leadership In the field 
300 ma *Average characteristics at Eb=100v, Ec= 


fis. Means titan tu oo of long range military missiles. 
TYPICAL VALUES FOR REGULATOR SERVICE British To Build 
Current per Range of Tube Minimum Grid Voltage 


Triede Section Voltage Drop Tube Drop Swing Ceramic Thorium Reactor 
70 v. 
60 








Britain’s Atomic Energy Authority 
plans to study properties of thorium 
as a nuclear fuel in high temperature, 
gas-cooled reactors. General Electric 
Co. has been awarded a contract to 
build a zero energy assembly for an 
experimental reactor. 

The thorium, in ceramic form 
(probably as carbides) is expected to 
permit raising the operating tempera- 
ture of the reactor to 1,400 deg F. 
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Shown at Bell Laboratories, Murray Hill, N.J., are, left to right, F. J. Herr, S. T. Brewer, L. R. Snoke, E. E. Zajac and F. W. Kinsman. 


They re wiring the seas for sound 


These five Bell Labs scientists and engineers may never “go down to the sea in ships.” Yet, 


they're part of one of the most exciting sea adventures of modern times. 


\long with many 


other specialists, they are developing the deep-sea telephone cable systems of the future. 


Here’s how they join many phases of communications science and engineering—to bring 
people who are oceans apart within speaking distance. 


F. J. Herr, M.S., Stevens Institute. is concerned 
with systems design and analysis. He studies the 
feasibility of new approaches and carries out 
analysis programs to select optimum parameters 
for a proposed system design. 


S. T. Brewer, M.S. in E.E., Purdue. communications 
and electronics engineer, explores new designs 
for sea-bottom amplifiers needed to step up 
power of hundreds of simultaneous telephone 
conversations. 


L. R. Snoke, B.S. in Forestry, Penn State, is the 
team biologist. He investigates the resistance of 
materials to chemical and microbiological attack 
in sea water. Materials are evaluated both in 
the laboratory and in the ocean. 


E. E. Zajac, Ph.D. in Engineering Mechanics, Stan- 
ford. is a mathematician. He studies the kine- 
matics of cable laying and recovery. Cable's 
dynamic characteristics. ship’s motion, the 
mountains and valleys in the ocean bottom—all 
must be taken into account. 


F. W. Kinsman, Ph.D. in Engineering, Cornell. 
solves the shipboard problems of storage, han- 
dling and “overboarding” of cable. New ma 
chinery for laying cable is being developed. 


Deep-sea cables once were limited to trans- 
mitting telegraph signals. Bell Labs research 
gave the long underseas cable a voice. New re- 
search and development at the Labs will make 
this voice even more useful. 


BELL TELEPHONE LABORATORIES 


WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 
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Pin Point Navigation 
Requtires Preciston Components 
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Engineering Data: 
Servo Motor 28 volts D. C. split field type, 6000 RPM no load, 
40 oz. in. locked rotor torque. 


Tachometer Generator Induction type, excitation 26 volts, 400 
cycles, output 0.33 volts/1000 RPM, adjustment for null voltage. 
Dimensions Approximately 2.5” diameter x 6” long 


Rotor Inertia 0.7 oz. in.” 


% This Servo Motor Tachometer Generator for operating 
control surfaces in latest automatic pilots illustrates 
Wright’s exceptional capacity for production of special 
small precision components and assemblies. 


Consult Wright on your next requirements for . 


A. C. and D. C. Motor 
Servo Tach Units 
Synchros In All Categories 
Gyro Motors 
Tachometer Generators 
And Related Components and Assemblies 


MOTOR DIVISION 
RIGHT company 


DIVISION OF SPERRY RAND CORPORATION 
DURHAM, NORTH CAROLINA _~ 
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WHAT‘S NEW 


Automatic Landing System 
Goes to Sea 


“The system is locked on, the plane 
is now on automatic control.” This 
announcement signaled the start of 
the first press-witnessed fully-auto- 
matic carrier landing, aboard the USS 
Antietam in the Gulf of Mexico. Con 
trolling the plane was the Bell Air- 
craft Automatic Carrier System de- 
signed to permit full scale carrier 
operation under adverse weather con- 
ditions. Moments later a Navy F3D 
twin-jet SkyKnight came roaring in 
for a touch-and-go landing, completely 
unassisted by the pilot who kept his 
hands clasped over his head until the 
plane had rolled to a stop. 

Responsible for this deft landing 
was a Closed loop system consisting of 
a high-precision radar antenna drive 
unit, a stabilization computer, and a 
flight path computer, all situated on 
the carrier’s flight deck, and an air- 
borne radio controlled data link. 

In operation, the radar picks up the 
plane about three miles off the stern 
of the carrier, and tracks it continu- 
ously until the plane is landed. Data 
on the pitch, roll, and yaw of the ship 
as well as range of the plane is fed 
to the stabilization computer to be 
converted into a set of coordinates. 
These are then transmitted to the 
flight path computer, where they are 
compared with a programmed posi 
tion. The computer determines the 
error in the plane’s course and feeds 
the corrective data to the radio con- 
trolled airborne data link, which makes 
the necessary corrections through the 
plane’s automatic pilot. 

Angular accuracy of the tracking 
radar is said to be within | milliradian. 
In fact, so accurate was the entire sys- 
tem that plots of three separate land- 
ings on altitude-vs.-range coordinates 
appeared almost as a single trace. 

At present most of the equipment 
is housed in trailers and contains a 
good deal of instrumentation that will 
not be required in a service model. 
For example, the flight path computer 
is a standard REAC general-purpose 
analog computer built by Reeves In- 
strument. When it has been deter- 
mined which functions are unneces- 
sary, the unit will be stripped down 
until it contains only the functions 
used by the landing system. 

While everyone who witnessed the 
landings seemed thoroughly  im- 
pressed, John Loeb of the Navy’s Bu- 
reau of Ships cautioned that in spite 
of its satisfaction, the Navy has not 
vet officially accepted the system. 





Designed for Computers 





Made for Computers 


Tested for Computers 


Dependable in Computers 





COMPUTER TRANSISTORS 


in the JETEC SO package 


Actual Size 


Reliability must be designed and built 
into computer transistors. It cannot be ob- 
tained by selection. 

Raytheon Computer Transistors were 
developed under Signal Corps contract and 
are manufactured especially for computer 
service, on a separate production line. They 
are backed by five years of experience in the 
mass production and quality control of 
Raytheon Fusion-Alloy Transistors. 


Maximum stability is guaranteed by rigid 
test procedures including strict process 
control, 100°C baking of every transistor, 
100% steam cycling to assure positive 
hermetic sealing. 

When you specify Raytheon Computer 
Transistors you are also assured of: 

HIGH VOLTAGE RATINGS « HIGH CURRENT GAIN 
FAST SWITCHING SPEED 
LOW SATURATION RESISTANCE 


Here are the electrical specifications for Raytheon PNP Computer Transistors 





2N425 


2N426 


2N427 


2N428 





Parameter 


Conditions (25°C) 


Min. Avg. 


Max. 


Min. Ave. 


Max. 


Min. Avg. Max. 


Ave. 





BVPT 


—30 —50 


—25 —45 


—20 —30 — 


25 





v 


—lmA 
= —0.25v 


_ —0.35 


—0.45 


— —0.35 


—0.45 


_ —0.35 


0.35 


--0.45 





h 


s=—-l1mA. 
= —0.25v 


20 30 


40 


30 40 


60 


40 55 80 





= —lOmA 
= —0.35v 


10 15 


10 18 


15 20 - 





Rsat. 


I, = —10mA 


for! = 


ee 3.2 
—100mA 


a 2.2 3.2 
forIl. = —100mA 


1.4 2.1 
= —150mA 





fab 


= —5v 


2.5 4.0 


3.0 6.0 


11.0 _ 





Cob 


Vv 
I: = 1mA 
Vv 


= —5v 
lc = lmA 


14 


20 


14 


20 


14 20 





Switching Sp 


eeds 





ta+ tr 


ic = —5OmA 
R 200 ohms 





ts 


Values of i 


“on" and is 
“off’’ are 





te 





5.0mA for 2N425 
3.3mA for 2N426 
2.5mA for 2N427 
1.6mA for 2N428 





0.53 


1.0 


0.53 


1.0 





0.3 


0.6 


0.3 


0.6 








0.45 





0.65 





0.35 


0.55 














For all types I 
i 


—400mAdc average 
— 1000 mA peak 


(max.) 
(max.) 


Dissipation coefficient in free air = 0.4°C/mw 


Dissipation coefficient with radiator = 0.28°C/mw 
Dissipation coefficient with infinite sink = 0.18°C/mw 





SEMICONDUCTOR DIVISION 


Silicon and Germanium Diodes dnd Transistors « Silicon Rectifiers 





55 Chapel St * Bigelow 4-7500 
WEW YORK: 589 Fifth Ave . PLaza 9-3900 
CMICAGO: 9501 Grand Ave., Franklin Park « TUxedo 9.5400 
LOS ANGELES: 5236 Santa Monica Bivd. « NOrmandy 5-4221 
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SEQUENTIAL 
ANNUNCIATORS 


Wl TM Gou! 


Scam sequential annunciator systems 
provide an audible and flashing visual 
signal on the first alarm to enable the 
operator of your control board to de- 
termine which point in the monitored 
process first becomes abnormal . . . 
successive alarms that develop from 
the original abnormal condition are in- 
dicated by a steady visual signal. You 
can take proper corrective measures 
immediately because you know where 
the trouble started. 


Shown here is a typical standardized 
Scam DE-LINE cabinet with integral 
flasher and reset pushbutton, featuring 
all the Scam advantages including sim- 


ple, compact plug-in design. 


If you've a process or system that needs 
automatic, fail-safe, low cost monitor- 
ing write us for literature or call the 
nearest representative in the cities 
listed below. 


| 


es Be 


= 


INSTRUMENT CORP. 
Chicago 13, Illinois 
Phone GRaceland 7-7850 


SALES REPRESENTATIVES 


Atlanta ¢ Boston ¢ Buffalo ¢ Chicago 
Cincinnati « Cleveland ¢ Dallas ¢ Denver 
Detroit ¢ Houston * Indianapolis ¢ Kansas City 
los Angeles ¢ Lovisville ¢ Minneapolis 
New Haven ¢* New York ¢ Philadelphia 
Phoenix ¢ Pittsburgh © Portland © St. Lovis 
San Francisco ¢ Seattle © Tulsa © Toronto 
and Vancouver, Canada 
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WHAT‘’S NEW 


EUROPEAN REPORT 


New Logic Design Means 
Low Cost Computer 


Ferranti Ltd., British electronics 
manufacturer, has put a large scale 
scientific data processor into produc- 
tion to compete with American-made 
machines. ‘The new electronic digital 
computer, named the “Mercury”, will 
sell for slightly above the one year 
rental charged for large scale Ameri- 
can computers. 

Although the company claims that 
Mercury “‘is equivalent to any digital 
computer produced in the U. S.”, a 
spokesman more properly put it in a 
class that has no American equiva- 
lent*. He said that it approaches 
IBM’s 700 series in speed ot operation 
but it far outperforms the 600 series. 

B. W. Pollard, head of Ferranti’s 
Computer Dept., says the Mercury is 
essentially for use in large scale re- 
search work. For example, one unit 
will be installed at the United King- 
dom Atomic Energy Authority’s re- 
search development at Harwell. 

The price tag on the Mercury is 
about $280,000, including installation 
and some maintenance. 

Key factor in the relatively low cost, 
says Ferranti, is the logic design of 
the machine, an approach originated 
at Manchester Univeisity. Mercury 
uses parallel access to the core memory 
but serial operation. 

This design, coupled with the use 
of “floating point” system of number 
representation (meaning that the 
range of the answer doesn’t have to be 
anticipated), also accounts for the high 
speed of operation—claimed to be 50 
times faster than any present com- 
puter in Western Europe. Typical op- 
eration speeds: 

addition 180 microsec 

multiplication 300 microsec 
division 3.5 microsec 
‘Typical subroutine speeds: 

square root 5.5 millisec 

logarithm 6 millisec 

exponential 4 millisec 

sine or cosine 5 millisec 
Although the machine divides at rela- 
tively slow speed, Ferranti engineers 
say it makes up for that deficiency by 
its high speed for all organizing in- 
structions—only 60 microsec. 

Its core memory occupies only + cu 
ft; capacity totals 1,024 words, each 


* 


For a last minute development, see page 40. 


of 40 binary digits. A magnetic drum 
of 16,000-word capacity serves as back- 
ing storage. 

Full scale production will be under- 
way by the end of this year. At that 
time plans call for one Mercury to be 
completed every six weeks; production 
then may be stepped up to one a 
month. First completed Mercury was 
shipped to Norway in September and 
limited production this year will sup- 
ply additional machines for export to 
Switzerland and France. In addition, 
Ferranti has orders for seven more ma- 
chines to be used in Great Britain. 


Interkama to Show Off 
German Control Industry 


In the 13 years since World War II 
ended, German industry has made 
a phenomenal recovery, and today, 
threatens to outproduce every other 
country in Western Europe. What 
part the technology of instrumenta- 
tion and automatic control has played 
in this remarkable renaissance will be 
revealed in November when the Inter- 
national Congress & Exhibition of 
Measuring Instrumentation & Auto- 
mation opens in Dusseldorf on Nov. 2. 

The idea for the Dusseldorf Inter- 
kama built around measuring and con- 
trol equipment started about five years 
ago with Dr. H. Pietzsch, who finally 
sold the idea to German instrument 
and control companies and NAMUR 
(Standard Working Association for 
Measuring & Control in the Chemi- 
cal Industry). The heavy publicity 
aimed around the world in behalf of 
Interkama has induced manufacturers 
from all parts of the world to partici- 
pate in the exhibit which will cover 
200,000 sq ft. Technical sessions are 
being jointly sponsored by trade asso- 
ciations in the electrical, machinery 
and chemical processing fields. 

Typical subjects taken from the In- 
terkama program (printed in three 
languages to prove the international 
scope of the meeting): 

e Electrical and Process Control 
Measuring Instruments and Processes 
of Measurement 

¢New Methods of Control and 
Their Application in Practice 

¢ Power Control of Boilers for Com- 
pounding 

¢Control in 
Processes 


Plants with Batch 





Twice Actual Size 


POTENTIOMETERS 


. Pre-molded and pre-selected resistance element. 


. Molded control base affording exceedingly low conductance, 
particularly in the presence of high humidity. 


. Single-member carbon contact, providing contact with resistance element 
and collector terminal, simultaneously. 


. No metal-to-metal movable contacts. Exceptionally long life. 


. “Zero backlash” or “Zero rock” shaft-to-contact assembly. Provides maximum 
order of ‘‘setability.” 


. Gold-plated terminals insure solderability. 

. Shafts provided with grease seal, thus excluding moisture. 

. Flexible design readily permitting various mechanical adaptations. 
. No visible openings. 


. No rivets. Terminals permanently molded in 
resistance element and control base. 


. Mating surfaces of housing are sealed to prevent 
entrance of dust and moisture. 


. Full 2-watt rating at 70° C. 
. High order of resistance stability. 
Write for detailed literature. Let . Salt-spray corrosion resistant. 
us quote on your requirements. 


CLAROSTAT MFG. CO., INC., DOVER, NEW HAMPSHIRE 
In Canada: Canadian Marconi Co., Ltd., Toronto 17, Ont. 
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ASSEMBLY 


In our modern 350,000 sq. ft. 
plant we can produce miniature 
assemblies as well as large con- 
sole requirements on a produc- 
tion-line basis. Our supporting 
engineers enable us to do the com- 
plete job from design through fin- 
ished product. 


Let Daystrom Instrument assist 
you in meeting your electronic 
product needs. One of our sales 
engineers is ready to discuss our 
qualifications with you. Write us, 
and he will call at your conven- 
jence, 


JUST OFF THE PRESS’ Our New 
Fac shitves Brow hy Write forum 


DAYSTROM™M 
INSTRUMENT 


Archbatd, 


Pennsyivania 
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Bringing the Cockpit 
Up to Date 


FORT WORTH 

There’s a unique instrumentation 
research program under way at Bell 
Helicopter’s Fort Worth laboratories. 
The object of the research: to develop 
helicopter instrumentation that will 
permit such planes to fly anywhere, 
anytime, under all conditions of visi- 
bility with pilots who have had no 
special training. 

Called IMHEP-—Ideal Man-Heli 
copter Engineering Project—the pro- 
gram is long range with no specific 
date for completion and is sponsored 
by the Office of Naval Research in 
cooperation with the Bureau of Acro 
nautics and the Army Signal Corps. 

After two years of study, the ‘Texas 
researchers have isolated four major 
problems: 

e the inherent instability of the heli 
copter which must be constantly at 
tended by the pilot 

einstruments designed for aircraft 
are not ideally suited for helicopters; 
one example: velocity devices used on 
conventional aircraft don’t work too 
well on helicopters because helicopter 
speed is too low and the rotors cause 
excessive air turbulence 

e pilots are overburdened by volume 
of dials that have to be read and inter- 
preted 

e shortage of information that pilot 
needs and/or information presented in 
wrong form 

Bell now thinks the heart of the 
answer to these problems lies in com- 
puting-control (of the type described 
in CtE’s September issue). Company 
engineers see the computer as “‘a revo 
lution in computer circles which will 
process all data coming in from the 
sensing equipment. If will perform 
the necessary calculations, it will gen- 
erate command signals for automatic 
control of certain functions, and it will 
feed signals in proper form to the 
pilot’s display.” 

They say, “The pilot will be able to 
choose automatic flight if he wishes, 
or he will be able to fly the helicopter 
himself. He will be able to interrogate 
the computer on certain items. And 
the device will serve as a watchful eye 
warning him of impending difficulties, 
either mechanical or aerodynamic.” 

Bell’s approach to other aspects of 
the program: 

eto use various assisting devices to 
make the helicopter more stable. At 
present there are several good heli- 
copter autopilots whose design can be 
incorporated into the central computer 





This 
AC Regulator? 


Get 


Sorensen AC Line Regulators Handle 150 VA to 15 KVA; 
Accubate within +0.1% against Line or Load. Highly 
Depegdable vith Cléan Wave Formand Frequency Insensitivity. 


o,, Reng T 5S JD ° 
It’s a sure thing you can depend on a sustained steady voltage level, in circuit 
or hook-up, when there’s a Sorensen AC Line Voltage Regulator cut into 
your power source. 

On applications such as communications equipment, appliance testing, 
instrument calibration, and color photography—and for general laboratory 
use, the refined Sorensen regulating circuit gives unequaled accuracy and 
dependability. 

An exclusive factor, unique and effective, is the safety diode which pro- 
duces a voltage drop, in place of a surge, when there’s a filament break in 
any tube. Over-voltage circuit breakers are also included in units of more 
than one KVA rating. 

The unusual reliability and acceptance of these voltage regulators is estab- 
lished overwhelmingly by the thousands of installations using them through- 
out the world, with great numbers of these Sorensen units in continuous 
service for ten years and more. 

Check your local Sorensen representative on what these line voltage regu- 
lators can do in your operations. Or, for technical data, write directly to 
SORENSEN & COMPANY, Inc., Richards Avenue, South Norwalk, Conn. 


SPECIFICATIONS Model 1000 S* (illustrated) 
Output voltage 115 VAC, single phase, Power factor From unity to 
adjustable 110-120 volts range 0.7% lagging 
Input Voltage 95-130 VAC, single phase, Load range ull 
50/60 cycles, +10% Width 
Regulation +0.1%, against line; Height 
accuracy +0.1%, against load Depth 
Distortion Rack mount height 
produced Me Net weight 
Time constant 0.1 second Shipping weight 
*Ask for data on other models and 


CAC1521r___ 


controlled power for research and industry 
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BUST RUE 
PRESSURE 
INDICATOR 

FA-160 


wy 
yy" nytt | My, 
25 // 


ABSOLUTE 
PRESSURE 


MILLIMETERS OF MERCURY 


MODEL NO. 


6” dial 


Measures pressure from 
yAi Lome -\:}-1e) 80) i: 
to Atmospheric 


ABSOLUTE PRESSURE INDICATOR 


... For Precise Vacuum Work 


1/300 of full scale 

1/500 in all ranges 

0-50mm Hg. 0-100mm Hg. 

0-200mm Hg. 0-410mm Hg. 

0-800mm Hg. 390-800mm Hg. 

Dial Sizes: 2%” or 6” diameter for all ranges 
Write for Publication No. TP-28-A 


Accuracy: 
Sensitivity: 
Ranges: 


WALLACE & TIERNAN INCORPORATED 


2S MAIN STREET, BELLEVILLE 9,NEW JERSEY 





In Canada, Wallace & Tiernan, Ltd. — Toronto A-108-1 








Wi 
MERCHEN GRAVIMETRIC 
FEEDERS & METERS 


for dry free-flowing materials 


e automatic batch control 
e continuous blending 
e materials accounting 


Accuracy 1°%, 
Rates 3 to 3000 Ibs. per min. 


Write for Bulletin No. M-32 
WALLACE & TIERNAN 


INCORPORATED 
25 MAIN ST... BELLEVILLE 9.N. J 
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WHAT’S NEW 


to provide stability augmentation with 
little additional cost in weight. 

eto design an entirely new instru- 
ment panel that will provide the pilot 
with all the information he needs in a 
form that is easy to interpret. The 
computer will do automatic computa- 
tion so that the pilot does decisiop 
making instead of data interpretation 

To determine what information a 
pilot really needs, Bell has called on 
a subcontractor who specializes in hu- 
man engineering. First job has been 
to find out what elements are common 
to all modes of flight and which pieces 
are most important. Here the job of 
finding cues gets out of the realm of 
the psychologist and into that of the 
flight simulator. By using the simu- 
lator, engineers will test the pilot’s 
reaction under given conditions, pro 
gressing slowly toward an optimum 
cockpit. The result, say engineers, will 
be a revolution in cockpit design. 

IMHEP is similar to a project un 
der way at Douglas Aircraft which is 
working on an optimum cockpit for 
conventional aircraft. 


New Computer Design 
For ElectroData 


Computer manufacturers, who have 
been revolutionizing industry’s data 
processing procedures for the past five 
years, are getting set for still another 
major innovation. Combining floating 
point arithmetic with the magnetic 
core memory permits the design of a 
medium-priced, high-speed, general- 
purpose digital computer, comparable 
in performance to machines that pre- 
viously cost over a million dollars. 

First U. S. company to announce 
production of such a machine is Elec- 
troData Div. of Burroughs Corp. De- 
liveries of the new Datatron 220 (ap 
proximate price: $600,000) will start 
in mid-1958. (In Great Britain, first 
delivery of a computer with a similar 
concept was made this month; see 
Kuropean Report, page 36.) 

Use of the magnetic core memory, 
according to ElectroData, allows a 
computer to combine large-scale com- 
puting abilities—required for scientific 
problem-solving—with large volume 
capacity—required for business data 
processing. For flexibility, ElectroData 
will offer the core memory in units of 
from 2,000 to 10,000 words (10 digits 
plus sign), in increments of 1,000. 
Access time is 10 microsec. 

The Datatron 220 will compute 
300,000 additions or subtractions per 
minute; 30,000 multiplications; and 
15,000 divisions. 





POCO th bootie LAL! 


Special group! With its own coil-winding, machining and assembly facilities. 

Its own sales, engineering, purchasing, inspection and shipping activities. Its own everything 
but red tape. Special orders! Potentiometers, in prototype quantities, with these 

special modifications: resistance values, tolerances, linearities, taps, shafts, lids, bushings, ganged 
assemblies, torque, bearings and rotation.Take your pick. Special Delivery! In 10 days 
or less. Special price? No! Not one cent extra! For your non-standard prototype pots, 


go fast, go first-class, g2 Poco Tiempo! Ask for it by name. 


Beck ma n Helipot Corporation, Newport Beach, California 
Hel i pot a division of Beckman Instruments, Inc. 


Engineering representatives in principal cities 
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Figure 540 


é-- t dj Figure oo 


ST GAUGES 


The new 1400 Series gauges have a wide range of ap- 
plications... for test cells and panels...for portable 
testers .. . for checking and calibrating gauges in service 
... for laboratory work not requiring readability of 12” 
or 16” gauges. 

Available in 414”, 6” and 814” dial sizes with ranges 
from 30’’ Hg. Vacuum to 5000 psi, for stem (Fig. 1404), 
wall (Fig. 1400T), or panel (Fig. 1402) mounting. 

Accuracy— 14 of 1% of scale guaranteed. 





Laboratory Test Gauges Fig. 540—12” and 16’’—have 
long been recognized as the master calibration standard. 
Because of their precision, they are frequently used to 
replace or augment dead weight testers or manometers. 

For details on USG’s complete line of Test Gauges, 
write for Catalog 400, or call the USG sales office or 
distributor in your area. See the ““Yellow Pages” of your 


telephone directory. (2 | 


Home of the SUPERGAUGE ® Sellersville, Pa. 
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TATES GAUGE 


Division of American Machine and Metals, inc. 


Compiling Systems 
Cuts Programming Time 


Reductions in electronic computer 
programming time are promised by 
the Univac Flexi-Matic Generalized 
Programming System announced by 
Remington-Rand Univac Div. of 
Sperry Rand Corp. 

The new system provides auto- 
matic programming and coding aids 
which are useful in programming any 
problem. From an input program 
written in Flexi-Matic Code, and a 
library of routines also written in 
Flexi-Matic, the system produces a 
finished running program in Univac 
computer code. 

About 300 library routines are iow 
available in the Univac Flexi-Matic 
Library, byproducts of solving prob 
lems at various Univac installations. 
In almost every problem, Reming- 
ton-Rand says, there are elements 
that can be used in other prob 
lems. The Flexi-Matic system enables 
the programmer to isolate these ele- 
ments, “generalize” them and store 
them in the library while solving the 
immediate problem. 

The system is described in a 250- 
page manual for Univac users. 


CONTROL BITS 


Engineers and scientists interested 
in atomic energy now have a diction- 
ary to establish precise meanings of 
technical terms. American Standards 
Association and ASME have approved 
a 185-page volume (Glossary of Terms 
in Nuclear Science and ‘Technology 
as an American Standard, and ASME 
will publish the book. Price: $5.00. 


One of the highest peak power 
linear accelerators ever built will serve 
as the injector for the 6 billion volt 
electron synchrotron being constructed 
by MIT and Harvard University. Built 
by Applied Radiation Corp. the accel- 
erator will use 5 megawatts peak power 
to raise electrons to a 20 mev level. 


Applied Radiation Corp. has built 
another unusual particle accelerator— 
the first commercial Cockroft-Walton 
accelerator ever produced in the U. S. 
The 350,000 ev machine will accel- 
erate a 400 microampere beam of 
positive ions when it is installed by 
its purchaser, the University of Ar- 
kansas. The University will use it 
primarily to generate a source of neu- 
trons by bombarding tritium with 
positively charged deuterons. 
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SPECIFY LINDE 


LINDE Sapphire is... LINDE Sapphire has... 
Hard — Moh 9 


Transparent, single crystal, pure High melting point —2040° C. Windows 
aluminum oxide 


Excellent IR transmission 
at high temperatures 
Easily sealed to metals and ceramics (above 500° C.) 
Priced competitively with 
sintered materials 


Nonporous—0% porosity 
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Sapphire 


LINDE Sapphire is 


Strength at elevated temperatures available as... 


Domes 
Rods and tubes 
Special shapes —to order 


For more information about LinpE Sapphire . . . Write “Crystals 
Dpt. CF-10.” Linpe CoMPANY, Division of Union Carbide Corpora- 
tion, 30 East 42nd St., New York 17, N. Y. In Canada: Linde Com- 





pany, Division of Union Carbide Canada Limited 
tne 
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ENGINEERS AND SCIENTISTS interested in work- 
ing in Synthetic Crystal Sales & Development, contact 
Mr. A. K. Seemann, Linde Company, 30 E. 42nd St., 
New York 17, N.Y. 








The terms “Linde” and “Union Carbide” are registered trade-marks of Union Carbide Corporation, 
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DATA from 


a DUMMY 


with an 
FM TELEMETRY 
Transmitter 


Sensitized for human _ re- 
actions, this dummy helps 
collect human factor data for 
development of ejection seats 
for supersonic jet aircraft. The 
full-scale rocket sled tests are 
one phase of the industry-wide 
program to develop a safe 
standardized pilot escape sys- 
tem for the Air Force. 


The Model 3021 Transmitter 
used in these tests is a rugged 
subminiaturized unit designed 
for high shock impact and 
extreme environments. 


Frequency - 215-235 mc 
Power Output - 2 watts 
Weight - 1.7 pounds 


Write for complete data and prices 
to P.O. Box 37, Melbourne, Floride 


ay) 
Ne 
RADIATION 





Personnel Inquiries Invited. 


CONTROL ENGINEERING 


INC. 


MELBOURNE AND ORLANDO, FLORIDA 
ELECTRONICS @ AVIONICS « INSTRUMENTATION 





WHAT’S NEW 


Photo Engineers Hold 
First Instrument Meeting 


LOS ANGELES 

‘l'wo years ago, the Society of Photo- 
graphic Instrumentation Engineers 
(SPIE) was formed to foster inquiry 
into the field of photo-instrumentation 
and to promote its recognition as a 
science of measurement. In August, 
SPIE held its first symposium; but 
there was nothing of the neophyte in 
the way the session was run. SPIE 
unveiled a new technique in meeting 
presentations that kept interest at a 
fever pitch. Informal workshops, 
liberally interspersed with audiovisual 
techniques, replaced the usual reading 
of formal papers. 

Morton Sultanoff, of the Aberdeen 
Proving Grounds Ballistics Laboratory, 
led one discussion by describing a 
progressive multiple exposure tech 
nique to increase the perception of 
ultra high-speed photographic test 
data. This technique, he explained, 
makes it possible to project the test 
record at normal cine projection rates. 
Previously, instrumentation data had 
to be analyzed on a frame basis for 
direct data assessment. 

¢ Systems concept—The role of the 
systems concept in test programs was 
the topic of a workshop conducted by 
Ernest Stern and Donald Webber of 
The Ramo-Wooldridge Corp. The two 
engineers outlined ways to use photo 
instrumentation in test programs, de- 
fined the role of photo-instrumenta 
tion as opposed to electronic and 
telemetry techniques, and stressed the 
dependence of photo-instrumentation 
techniques upon adequate analysis and 
operation. 

In another session, future photo- 
instrumentation techniques were the 
topic of discussion. Among those con 
sidered: image intensification, infrared 
and the role electronics will take in 
replacing some existing photographic 
equipment. 

lhirty-five makers of photographic 
instrumentation set up a display which 
they named “Exhiborama”. One high- 
light was the showing by the Pacific 
Optical Co. of a 16 mm full color 
movie taken with a 168 deg lens and 
projected into a hemispherical bowl 
for viewing. —M. M. 


Mathematics— 
Too Much, Too Little? 


Despite gentle nudges from Mod- 
erator Harold Chestnut of GE, the 
discussion at the recent panel session 
on “Obstacles to Progress in Non- 





A line of accelerometers has been 
announced by the Components 
Division of Fairchild Controls 
Corporation. The unit shown— 
designated Type 940—is now 
being built for a toss bombing 
control system for the U.S. Air 
Force. These accelerometers have 
been developed with the same 
exceptional accuracy and reliability 
found in the complete Fairchild 
line of precision components: 
pressure transducers; linear and 
non-linear, single and multi-turn 
potentiometers; Fi!mPots® 

and trimmers. 


ACCELEROMETERS 


featuring Fairchild accuracy 
and reliability 


Fairchild’s new line of accelerometers will accurately measure a 
wide range of static or uniformly-varying types of acceleration. 
Applications include flight testing, air-borne telemetering 

and computing, and measurement of maneuvering 
accelerations of missiles and aircraft. Variations of 
conformation, G-range, natural frequency and damping can 
be developed to meet special customer requirements. 
Damping is accomplished by the viscous shear action of the 
mass in an oil medium. 


Over-all accuracy, including linearity, hysteresis and 
repeatability, is better than 1.5%. The Type 940 (shown 
above) will operate under ambient temperatures of —55°C 
to 100°C and will withstand vibration in the order of 10-55cps 
.030” double amplitude and 55-500cps at 5G in each of the 
three axes. Whatever your precision component requirements, 
whether potentiometers, pressure transducers or accelerometers, 
you can rely on Fairchild’s complete line and advanced 


engineering for the best answer. For information, write to: 
Dept. 140-87C, Fairchild Controls Corporation, 
Components Division. f | R¢ eal | L D 


EAST COAST WEST COAST 


225 Park Avenue 6111 E. Washington Blvd. PRECISION POTENTIOMETERS 
Hicksville, L. 1., N. ¥. Los Angeles, Calif. and COMPONENTS 
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NO ONE FILTER MEETS ALL 
DESIGN NEEDS... 


and Orly ET 


5 DISTINCT TYPES OF 


FILTER MEDIA 
¢ EDGE-TYPE *¢ WIRE-WOUND ¢ SCREEN 
¢ FIBER CARTRIDGE , 
¢ POROUS METAL 


consider 
re ee 
AUTO-KLEAN © 


where filter design calls for 


@ MICRONIC FILTRATION . 
down to 40 microns 


@ POSITIVE, SELF-CLEANING 
ACTION ...no “down time” 


# SMALL SIZE plus 
HIGH FLOW RATES... 
12” unit shown here handles 
over 50 gpm 
LOW PRESSURE DROP... 
less than 3 psi 





All-metal construction, 
carbon or stainless steel. 
Two-stage filtration. Lowest cost-per-gallon. 


COMPLETE DESIGN-ENGINEERING SERVICE 


There is a Cuno Field Engineer conveniently located in 
your area. To help you solve your design this 
trained specialist offers you more years of 

experience in removing more sizes of solids 

from more kinds of fluids. 


WRITE FOR DATA 


Send now for your free copy of 
Cuno Catalog No. SAK-057 con- 


\| taining complete engineering * 
o N data. See how this high-per- 
formance filter can help your 
designs achieve new efficiency. 


CUNO ENGINEERING CORPORATION 


27010 SOUTH VINE STREET, MERIDEN, CONN. 
Filtration Engineers in Principal Cities 
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WHAT‘’S NEW 


iunear Control” always drifted back to 
mathematics. Comments from both 
the panel members and the floor pretty 
well established that advances in 
mathematical techniques are required 
to permit significant progress in the 
analysis and synthesis of nonlinear 
systems. In addition, there is the 
problem of educating the average con- 
trol engineer to use the mathematical 
tools that are already at his disposal. 

Some of the difficulty stems from 
the usual gap between mathematician 
and engineer: the mathematician will 
not recognize procedures that give the 
right answer (or at least an approxi- 
mation to the right answer) unless it 
can be rigorously proven, while the 
engineer is not interested in the de- 
tailed rigor of the mathematician but 
rather in the answer. 

How to overcome this dilemma 
created a wide-open discussion. One 
suggestion: set up some of these ana- 
lytical and synthesis procedures in 
handbook form for use by less-mathe- 
matically-grounded engineers. But the 
objection was raised that this tended 
to eliminate the thought process, and 
besides, how does one select the right 
technique if one is not familiar with 
the capabilities of all of them? This 
idea led one engineer to criticize the 
extensive use of computers for anal- 
ysis and design because it also tended 
to be mechanical, thus masking the 
real physical problems. However, this 
was quickly refuted by other members 
of the audience and panel. 

Several people felt that both the 
societies and technical publications 
could advance the knowledge and use 
of the mathematical procedures te- 
quired to handle nonlinear systems by 
presenting clear basic papers pointing 
out the background and application of 
these techniques. 

The foregoing discussion occurred 
after the panel members had presented 
their individual thoughts on the mat- 
ter at the afternoon session of” the 
Aug. 19 “Symposium on Nonlinear 
Control” sponsored by the PGAC of 
the IRE and participated in by the 
Feedback Control Systems Committee 
of the AIEE and the IRD of the 
ASME. PGAC Chairman Gene 
Grabbe was quite satisfied with the 
attendance of 114 (including many 
of the top-notch men in the field), 
considering that several booby traps 
turned up along the way. Example: 
The meeting was planned on the day 
prior to WESCON to attract attend 
ance without materially interfering 
with peoples’ schedules. But it turned 
out that this one extra day meant 





= 
has everything 


in glass-to-metal seals* 


¢ STANDARD TERMINALS 
e CUSTOM TERMINALS 
e CUSTOM SEALING 


e ON-THE-SPOT 
ENGINEERING ASSISTANCE 


e NEW PLANT TO SPEED PRODUCTION 


e ENGINEER-DESIGNER 
HANDBOOK AND CATALOG 


@ 
‘ 


Threaded Seals 


@ Multiple Headers 
: ‘> custom Seals — 


- : Transistor Closures 


End Seals > 


o) 


| j 
Plug-in Connectors 
| | Color Coded Terminals 


Custom Seals 





Miniature Closures 


Terminals 


Almost two decades of progressive engineering 
are your assurance E-!I can serve you better 


Hermetic sealing problems of the most difficult kind are nothing new 
at E-l... for we have been solving them constantly for almost 20 years. 
Today, the complete E-! line offers designers a choice of over 500 standard 
preferred types, each available with optional features and modifications. 
If required, custom types can be produced to specifications, or E-! will 
seal components of your manufacture. Standard terminals and typical! 
custom seals are included in latest E-| catalog-handbook available on 
request. Call or write for your copy, today! 


“Canadian Pat. 523,390; British Pat. 734,583; U.S. Patent Pending — All Rights Reserved 


ELECTRICAL 
= INDUSTRIES 


Division of Philips Electronics, Inc. — jqypRay WILL, NEW JERSEY 





BEFORE 


Vibration... with frequencies up to 500 cycles per second 
and up to 15 G’s...might prove to be a shattering experi- 
ence for some servo motors. But not for a G-M Servo! 


GOOD REASONS WHY 
G-M SERVO MOTORS 
SERVE YOU BEST! 


G-M servo motors are avail- 
able in standard sizes. 


we 


G-M servo motors can be 
modified to meet specific cir- 
cuit requirements. 
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Creative engineering in de- 
signing special servo motors 
with special characteristics. 


Fast production—better 
service, 


7 


Write Now 


for information, or send 
for complete G-M 


-M Servo Motors 


This vibration test at G-M is only 
one of a series of environmental tests 
all G-M servo motors must success- 
fully pass—before they can be inte- 
grated into your control system. 
G-M precision-built servo motors 
conform to all military environmental 
specifications when so specified. They 
are designed to perform under the 
toughest humidity, salt spray, temper- 
ature, altitude and vibrationconditions 
...and they come back for more! 


actured by the Components Division of 


G-M LABORATORIES INC. 


charts and specifica- 4340 N. Knox Avenue # Chicago 41 
tions. No obligation, 
of course. 
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WHAT’S NEW 


staying away from the office for a 
whole week instead of just four days. 
Prior to opening the panel sessions 
for general discussion from the floor, 
the panel members (O. J. M. Smith 
of University of California, George P 
West of Ramo-Wooldridge, and 
Charles F. Taylor of Daystrom Sys- 
tems) primed the pump by pointing 
out the obstacles to nonlinear control 
in their particular areas of interest. 


—B.K.L. 


WESCON— 


San Francisco Style 


For the first time, WESCON, the 
West Coast’s big electronic show and 
meeting, migrated out of Los Angeles 
northward to San Francisco’s famous 
Cow Palace. Although the move failed 
to disturb the quality of the exhibits 
or the technical papers, it apparently 
did influence the attendance, down 
about 20 percent from the anticipated 
30,000 visitors. 

Theme of this year’s show seemed 
to be more control than communica- 
tions or other branches of electronics. 
About 140 (of the seven-hundred-or-so 
exhibitors) booths displayed com- 
ponents and systems directly appli- 
cable to the control field; 27 adver- 
tised complete systems, and _ six 
computer manufacturers exhibited 
their products. 

As usual, a number of manufac- 
turers took advanatge of the concen- 
tration of technical talent to unveil 
new products. Among those of par- 
ticular interest to control engineers 
and shown for the first time: 

¢ Operational Information System 
by Daystrom Systems, designed in- 
itially to yield operating guides on a 
real-time basis. Features solid-state 
general-purpose computer which can 
be completely programmed from 
punched tape to accommodate process 
changes and pilot-plant type opera- 
tions. Intended in the future for 
closed-loop, digital-computer process 
control. 

¢New Donner Scientific Model 
3100 analog computer. This $15,000 
unit has 30 stabilized operational 
amplifiers and facilities for intercon- 
necting two or more of the basic com- 
puters for handling complex problems. 

¢ New Model F Servoscope by Servo 
Corp. of America. Instrument pro- 
vides sine, modulated sine, and square 
wave signals as well as the linear sweep 
on four ranges from 0.0005 to 100 
cps. 

¢ Kin Tel de digital voltmeter Model 
401 which uses new Industrial Elec- 





When selecting a timer— 


Specifying one of the many standard 
units offered saves you and your 
customers time, money 


Several distinct advantages accrue 
when you design for a standard timer— 
as against making a special timer for 
your specific job: 

Cost is lower because no engineering 
or tooling charges are encountered. Serv- 
ice is quicker and easier. Replacement is 
simplified. Complete descriptive informa- 
tion and operating instructions are in 
print. 


STOCK TIMERS FOR QUICK DELIVERY. 
But probably the most important single 
reason for sticking to standards is ready 
availability. Quantities of the exact type, 
range and rating can usually be obtained 
immediately from manufacturer’s stock 
for prototype or test purposes. Produc- 
tion quantities can be supplied with mini- 
mum lead time because design has been 
completed, parts inventories established 
and assembly techniques perfected. 


EXTREME VARIETY AVAILABLE. Lead- 
ing timer manufacturers offer extremely 
wide lines of standard interval timers, 
time delay relays, cycling timers and 
time totalizers. In addition, a wide selec- 
tion is offered within these groups. You 
can, for instance, pick a standard inter- 
val, cycling or delay timer to optimize 
almost any characteristic needed for your 
design; cost, mounting, accuracy, actuat- 
ing means, and degree of adjustability. 
Each of these sub-categories in turn pro- 
vides various time ranges, control ar- 
rangements and voltage-frequency com- 
binations. 


MINOR CHANGES EASY, In the event 
you can not find a stock or catalogued 
timer to meet your exact needs, discuss 
your problem with a full-line timer manu- 
facturer. He will frequently be able to 
modify a similar unit to your specifica- 
tions with only minor changes, thus sav- 
ing you the costs of engineering and 
lengthy testing. 


Only rarely will you have to specify a 
completely new design. And then your 
best approach is to talk it over with the 
specialists in the field of time control. 
WRITE TIMER SPECS EARLY. Timer re- 
quirements should be determined early 
in the design process, so that an available 
standard timer, with the right character- 
istics and proved performance, can be 
accommodated. 

LET US HELP You. Cramer engineers 
are always ready to discuss your time 
control problems. They can tell you 
about interval timers, time delay relays. 
cycling timers and time totalizers in 85 


design for availability 


CRAMER PERMANENT-MAGNET MOTOR—licart 
of Cramer a-c timers. Available separately. 
Features fast start, truly synchronous opera- 
tion, no coasting. STOCKED in many speeds, 
right or left rotation. Various output shafts. 


Torque: 30 in-oz at 1 rpm. Bulletin PB-110A. 


stock variations in the wide Cramer line. 
And they can handle your special needs, 
too. Write us or see your local Cramer 
representative. The Cramer Controls 
Corporation, Box 46,Centerbrook, Conn. 


A FEW STOCK TIMERS FROM THE BROAD CRAMER LINE 


1. TYPE 631E TIME TOTALIZER. Registers elapsed 
time on 5-digit drum-type counter. STOCKED in 
total ranges of 9999.9 and 99999 hours at 1I5V, 
60 cps. Also 9999.9 hours at 220V, 60 cps. Other 
available (including resettable) types count 1/10 
seconds, seconds, 1/100 and 1/10 minutes, min- 
utes, 1/10 hours and hours. Bulletin PB-610. 


2. NEW TYPE 412 TIME DELAY RELAY, Intro- 
duces timed delay between operation of control 
circuit and load circuit. STOCKED in full-scale 
ranges of 6, 15, 30, 60, 120 seconds; 5, 15, 30, 60 
minutes; 5, 12, 24 hours at 115V, 60 cps. Also 15, 
60 seconds; 5, 15, 60 minutes at 220V, 60 eps. 
Bulletin PB-311. 


TALK IT OVER WITH CRAMER 


CRAMER CONTROLS 


CORPORATION 
(Formerly R. W. Cramer Co.) 


3. NEW TYPE 241 AUTOMATIC RESET INTERVAL 
TIMER. Provides. pushbutton start, automatic and 
immediate reset for electrically operated equip- 
ment. STOCKED in full-scale ranges of 6, 15, 30, 
60, 120 seconds; 5, 15, 30, 60 minutes; 5, 12, 24 
hours at LI5V, 60 cps. Also 60 seconds; 5, 15, 60 
minutes at 220V, 60 cps. Bulletin PB-241. 


4. TYPE 610 PERCENTAGE TIMER. Makes (or 
breaks) electrical circuit for adjustable percent- 
age of a fixed time period. Calibrated in steps of 
1% from 4 through 96. 100% setting provided 
Snap action switch. STOCKED in ranges of 15, 30, 
60 seconds; 5 minutes at 115V, 60 cps. 15, 30, 60 
seconds at 220V, 60 cps. Bulletin PB-S10A. 
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a NEW INSTRUMENTS 
by TECHNITROL 


THE DYNAMIC DIODE TESTER 


ron 


An invaluable means for the rapid, accurate checking of semiconductor | 
diodes for irregularities. The dynamic curve, more revealing than static test- | 
ing, is quickly apparent on the screen, and is readily adapted to volume | 
testing. And the easy portability of this 16-pound instrument makes it ideal 
for field work as well as for bench or rack installation. 

Designed for use with the Cathode Ray Indicator, this moderate-price 
instrument provides for a variety of back and forward voltages, as well as 
independently-controlled ranges for back and forward currents. 


THE CATHODE RAY INDICATOR 


Send for Bulletin 1002 


Provides a visual indicating device for the dynamic display of electrical 





signals and is intended primarily as an output indicating device for such 
instruments as the Dynamic Diode Tester and transistor curve tracers. 

Also makes an ideal display unit for analogue computer and other applica- 
tions where the repetitive cycle rate of display is consistent with screen | 
persistences of available five-inch cathode ray tubes. 

High-quality components assure a stable instrument which provides a 
very sharp focused beam on the face of the tube. 

Designed for standard 19” relay rack mounting or with separate mounting 
legs at additional cost. 





DESIGNED AND 
gone BUILT BY 
Lf y 


7, ECHNITROL 


y ENGINEERING COMPANY Manufacturers of Pulse Transformers, 
V TA Delay Lines and Electronic Test Equipment. 


CONTROL ENGINEERING 


WHAT'S NEW 


tronics Corp. in-line numerical display 
for unusual clarity of presentation. 
Other features: automatic continuous 
standard cell calibration, 100 microvolt 
sensitivity, 0.75 sec reading time. 

¢ New 7100 series mechanical total- 
izing counter by Anatran Engineering 
Corp. Ten contacts or pots can be 
coupled to each visual indicator wheel 
for remote electrical indication, tele 
metry, or control of counter reading. 

¢ Miniaturized sphere resolver by 
Vectron. Originally designed for a 
navigational computer, basically it 
transforms polar coordinates to rec- 
tangular coordinates. It can also be 
used as a precision variable speed drive. 

¢ New tape-card reader Model 171 
manufactured by California combines 
certain advantages of both tape and 
card techniques by simultaneously 
reading 10 rows of 8 holes each on 
standard 1 in. teletype tape. Maxi- 
mum reading rate for continuous op- 
eration is 6 frames per sec. 

¢ Epsco Low Level Differential Am- 
plifier, Model DA-102, claimed to re- 
duce the cost and complexity of in- 
strumenting facilities for jet engine 
tests, wind tunnel vibration tests, etc. 

eNew 100-volt germanium tran- 
sistor, the DT-100 by Delco has a 
collector diode rating of 100 volts with 
high current handling ability. This 
is the eighth power transistor avail- 
able from Delco. 

One advantage of the show at the 
Cow Palace was the proximity of meet- 
ing rooms and exhibits, a condition 
that permitted visitors to move from 
meeting to exhibit with a minimum 
loss of time. The exhibit area was 
roomy and well organized; there didn’t 
seem to be the hectic hustle and 
bustle associated with many shows of 
this size. 

Exhibitors felt the quality of the 
audience was good, if a little smaller 
than expected. Two reasons were 
credited most frequently for the dimin- 
ished attendance: 1) recent cutbacks 
and rumors of cutbacks have made 
West Coast companies reluctant to au- 
thorize large travel expenditures; and 
2) the San Francisco area just doesn’t 
have the concentration of large in- 
dustry that furnished the bigger at- 
tendances at previous WESCON 
shows in Los Angeles. 

[he technical sessions provided a 
wealth of papers covering a variety of 
subjects of interest to the sponsoring 
groups, PGAC, PGEC, PGIE and 
others. Some of the more significant 
will be abstracted in future issues of 
ContTROL ENGINEERING. 

—B.K. L. 
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Master Units Combine into Engineered, Customized Package 
Drives—Providing the Right Shaft Speed, the Right Construction 
Features, the Right Mounting. Why Put Up With Makeshift Assemblies? 


Engineers and Manufacturers of 


Electric Motors ......... _...¥% to 400 HLP. Alternating current motors, direct current motors, 
eee eer 1g to 125 H.P. aang --- open, enclosed, explosion proc 
with 5 types of gear reducers... with electric 
Variable Speed Drives ..... 1% to 30 H.P. brakes... with mechanical or electronic variable 
: speed units... with fluid drives... Master has 
J 1 
Untaenine Bieters .......... b to 150 LP. them all and so can be completely impartial in 
Fluid Drive Motors ........ %to 15 H.P. helping to select the one best drive for you 


MASTER ELECTRIC MOTORS 


ELECTRIC COMPANY, Dayton 1, Ohio 











Accurate, Fast Acting, Frequency 
Type Telemeter for Transmission 
over Wire Lines, Microwave, 
and Power Line Carrier 


The Model 1025 Tele- 
meter Transmitter con- 
verts DC mv from thermal 


Accurate converters, etc., to 10-30 
HIGH-SPEED cps which frequency mod- 


ulates a built-in audio tone 


i channel. AC 10 to 30 
Continuous pegs 8 es oie i 
Telemeter 


available. Receiver detects 
and demodulates transmit- 
ted signal, generating a 
DC mv for operation of 
recorders or indicating in- 
struments. Up to 45 tele- 
meters can be multiplexed. 

Any communication 
link, including power line 
carrier, microwave or wire 
line may be used. 

Over-all accuracy is 1% 
with a response speed of 1 
second. Equipment fea- 
tures a built-in calibration 
circuit for 10% and 90% 


receiver check, and 10 cps 
- _ check. 

Circuit Any quantity which may 

millivoltage or will oper- 

e ate a slidewire may be tel- 


Calibrating and tg cps transmitter 
be converted into a DC 
emetered, 


WE CAN HELP YOU 
Our Applications Department is 
ready to assist you in your control, 
telemetering or communications 
problem. Phone DEerfield 4-3100. 


Write for Technical and Application Data. 
Kadto Frequency 


LABORATORIES, INC. 
Boonton, New Jersey, U.S.A 
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| WHAT’S NEW | 


AROUND THE BUSINESS LOOP 


Six-Month Reports Look Good, 
Though Defense Cutbacks Cloud Future 


As summer ended, control and com- 
ponent manufacturers anxiously peered 
into crystal balls trying to predict how 
summer defense cutbacks would affect 
fourth quarter business. Some sales 
seemed sure to sag as Congressional 
economy measures took hold—suppliers 
to the Navaho project were the first 
to feel the economy bite. 

But overall, control companies were 
enjoying a good year (see chart of six- 
month reports below) and if there 
were some factors that might depress 
sales, there were others that were 
ready to nudge control sales upward. 

e Bright spots—Widespread accept- 
ance of data processing equipment in 
process control is one of the bright 
spots. In the past six months, auto- 
matic data loggers in industrial appli- 
cations have really taken hold. Control 
companies feel they’ve solved the re- 
liability bugaboo that was holding up 
acceptance by users (see ““T'ransistor- 
ized Data Logger”, p. 26). Beckman 
whose first data processing system 
started operation at a Sweeney, Tex. 
ethylene plant this month, says it has 
sold ten more installations to com- 
panies that cover such widely divergent 
fields as chemical processing, petro- 
leum refining, aluminum smelting, and 
jet engine testing. 

And at Wescon in August, Day- 


COMPANY 1956 


(millions) 


6 Months Sales 
1957 


strom Systems announced that it was 
entering the data processing field with 
a system designed to provide indus- 
trial process information on a real-time 
basis. Daystrom’s first installation has 
already found a _ buyer—Louisiana 
Power & Light—and will be delivered 
early in 1958. 

Accelerating the acceptance of such 
equipment in industrial applications is 
a steadily growing pressure, generated 
by the need for increased productivity 
in the face of rising costs and the 
demand for better quality. And the 
booming market for data processors 
has injected life into associated instru- 
ment and control equipment sales. 

Late in August, the National In- 
dustrial Conference Board reported re- 
sults of a survey in which NICB found 
manufacturers of instruments and con- 
trol were optimistic about sales, pro- 
duction and profits for the rest of the 
year. One reason could be that capital 
expenditures are still rising. Over two- 
fifths of the reporting companies 
(total 205) are planning higher second- 
half rates of capital expenditure than 
prevailed in the first six-month period. 
Another 30 percent planned to con- 
tinue spending at the same rate. 

¢ Defense’s budget—Many control 
companies are counting on this in- 
creased activity to offset sales drops 


Percent 
Change 


6 Months Net Profit 


(millions) Percent Change 





Amphenol Electronics Corp. $12.9 
Consolidated Electrodynamics 10.8 
General Precision Equipment 74.1 
G. M. Giannini & Co. 
Litton Industries 14.9 
Metals and Controls Corp 17.3 
Midwestern Instruments 1.7 
Norden-Ketay Corp. 10.2 
Servomechanisms, Inc ta 
Siegler Corp. 
Square D. Co. 48.4 
Standard Coil Products 28.7 
Texas Instruments 19.3 
Victoreen Instruments 1.6 
Westinghouse Elec. Corp. 


4,7 (a) 


15.4 (c) 


606.1 (d) 


* $15.8 + 22.0 + 50.5 
15.2 + 40.6 + 60.4 
93.3 + 25.6 + 130.0 

5.6 18.2 + 11.5 
+ 91.5 + 71.6 

16.0 

+ 206.0 


66.5 


Bi 4.2 
982.9 + 62.3 





(a) Based on first 28 weeks of 1956. 
(b) Includes merger with Magnecord, Inc. 


(c) Annual totals for year ending June 30. 
(d) Affected by long strike. 


* Profit in first half of 1957 compared to loss in first 6 mos. of 1956. 





CLEVELAND 39) VARIATOR 


winds 4 reels of cable simultaneously— 
where old drive slipped with 2 reels 


HIS machine winds tin-plated 
fier used in the manufacture 
of cable. The Cleveland Speed Vari- 
ator on it replaced a drive of the 
same capacity with which there was 
slippage and frequent maintenance. 


With the new Cleveland, it was 
immediately possible to run simul- 
taneously 5 reels of the heaviest 
wires, as compared to only 2 with 
the old drive. In fact, the 10 HP 
drive motor soon proved unequal 


to the 5-reel load which the Cleve- 
land was handling without slip- 
page. Now driving 4 reels of the 
heavy wire, the machine is doing 
double the work it formerly han- 
dled. 


Wherever you need a variable speed 
drive, consider Cleveland. Write for 
Bulletin K-200. The Cleveland 
Worm & Gear Company, Speed 
Variator Division, 3260 East 80th 
Street, Cleveland 4, Ohio. 


Note these major 
advantages of the 
Cleveland Speed 
Variator 


TAn extremely compact unit, 
with input and output shafts in 
line and rotating inthe same 
direction. 


2 Operable at any input speed up 
to 1800 rpm—either clockwise 
or counterclockwise rotation. 


3 Rated for constant horsepower 
output over a 9:1 or 6:1 range; or 
for constant torque over a 6:1 
range. 


4 Infinitely variable output speeds 
over the entire range of adjust- 
ment. 


5 No slippage—positive, auto- 
matic torque adjustment in direct 
proportion to the loads encount- 
ered. 


6 Ample bearing support on both 
shafts for overhung pulleys. 

7 Long life and minimum main- 
tenance through absence of belts 
and complicated linkages. 


HOW THE CLEVELAND SPEED VARIATOR WORKS 


fh a 
( 7 
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HIGH 


CAPACITY “(-, 


SWITCH 


Catalog No. 
242-0003-03 
242-0011-03 
242-0010-03 
242-0012-03 
242-0019-03 
242-0017-03 
242-0020-03 
242-0018-03 


Mr Controls 


Controls 
up to 4 
circuits 


DUST, OIL-TIGHT 
LONG LIFE 
VERSATILE 

LONG OVERTRAVEL 


Machine toot and other 
equipment applications are 
“naturals” for this Acro high 
capacity switch, which can con- 
trol up to four separate circuits 
on either pilot or line duty. 
Actuator is adjustable 360° in 
two planes. 


ELECTRICAL RATING 


2 H.P. 230 Volts A.C. 
1 H.P. 115 Volts A.C. 
20 Amps — 250 Volts A.C. 


Two types available: Double 
Action Type actuates switch 
contacts when actuator is 
moved either side of “at rest” 
position. Single Action Type 
operates from one side of ‘‘at 
rest” position only. Both are 
designed for long life under 
heavy use. 


AVAILABLE TYPES 


Circuit Arrangement 


Four circuits (two open, two closed) 8 
Four circuits (two open, two closed) 
Double circuit (one closed, one open) 
Double circuit (one closed, one open) 


Double circuit (normally closed) 
Double circuit (normally closed) 
Double circuit (normally open) 
Double circuit (normally open) 


Action 


Double 
Single 
Double 
Single 
Double 
Single 
Double 
Single 


No. Terminals 


ACRO DIVISION - Columbus 16, Ohio 
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| WHAT‘S NEW 


stemming from cuts in the 1958 de- 
fense budget. Congress actually ap- 
propriated new obligational authority 
for the Defense Department that totals 
about $34.6 billion, (slightly less than 
1957’s $34.698 billion) divided as 
follows: 


OSD 

Intr Srv Act 
Army 7,264,550,000 
Navy 9 866,355,000 
Air Force 15,930,220,000 


$16,350,000 
682,375,000 


33,759,850,000* 
*Plus $590 million transferred from stock 
and industrial funds. 


In the Navy’s appropriation, about 
$1.9 billion will go into aircraft and 
missiles; $1.7 billion for aircraft and 
related components, $237 million for 
missiles, drones and related equip- 
ment. Before the appropriation bill 
was passed, the Navy planned to pro 
cure 1,220 aircraft with 1958 funds; 
now the Navy figures it will be able to 
buy only 1,025 (compared to 1,412 in 
the fiscal 1957 program).* 

The Air Force received $5.9 billion 
in appropriations for aircraft and re 
lated procurement, $300 million less 
than requested. Originally, it had 
planned to procure 1,515 aircraft in 
fiscal 1958 and use $1.4 billion for 
missiles. There’s been no decision as 
to where cuts will take place to effect 
the $300 million reduction. 

I'he Army will use some of its 
procurement money for aircraft and 
guided missiles: $129 million for air 
craft and $527 million for missiles. 

e Cutting down—But what concerns 
business men more than the reduction 
in new obligational authority is De 
fense’s plans to cut immediate expendi 
tures. Last year’s expenditures were 
planned to run $38.4 billion, and this 
year’s were trimmed slightly to $38 
billion. But somehow Defense Dept. 
spending got out of hand and threat- 
ened to run away. In the April-June 
quarter, spending jumped to an an- 
nual rate of $41 billion; and in the 
first quarter of 1958 edged up even 
higher to an annual rate of $42 billion. 

Since both former Defense Secre- 
tary Charles E. Wilson and new Secre- 
tary Neil H. McElroy committed the 
department to maintain the $38 bil- 
lion ceiling for fiscal 58, defense con- 
tractors are facing heavy cutting—for 
one quarter, spending will have to run 
at an annual rate of only $34 million, 
down $8 billion. 

Another problem (due to be re- 


* Figures were supplied by the Aircraft In- 
dustries Association of America, Inc. 





solved this month) that worries busi- 
ness men, is who is going to do what 
in the middle-range (1,500 mile) mis- 
sile business. One of Wilson’s last 
acts as Defense Secretary was to set 
up a committee to decide between the 
Army’s Jupiter and the Air Force’s 
Thor (probable decision: a combina- 
tion using the best of each). Although 
the Army was restricted to work on 
missiles with maximum range of 200 
miles by a previous directive, the 
1,500-mile Jupiter has made several 
successful flights, while its Air Force 
competition has been unable to make 
one successful trip. 

All this trimming has military con- 
tractors worried. Many of them are 
stepping up their attempts to get into 
civilian business (CtE, Aug. ’57, p. 59) 
before the bulk of the cutbacks hurts. 


GE Ships First 
Arizona-Built Computer 


GE’s first real entry into the com- 
puter field rolled off the partially 
completed production line at the com- 
pany’s newly established Computer 
Dept. in Phoenix in August. The de- 
vice: a desk-size, transistorized analog 
computer, designed for office and fac- 
tory use in production control work. 

Unusual because it is an analog de- 
vice doing a job usually assigned to a 
digital machine, GE’s new computer 
can be used in any type of problem in 
which it is desired to multiply two 
numbers and then sum up the results. 
Typical examples: 

P Analyze the effects of varying 
sales volumes and costs on profits. 

Show production bottlenecks to 
scheduling people in time for them to 
take corrective action. Machine will 
indicate a load impact of up to 50 
different products as they affect up to 
24 work stations. 

> Calculate the effects on produc- 
tion of a new design or method which 
changes the amount of time or num- 
ber of work stations required. 

First units will be used by other 
GE divisions. However, the company 
expects to offer the unit for sale later 
this year. Expected selling price: 
$12,500 fob Phoenix. 


Georgia Tech to Build 
Atlanta Reactor 


Georgia Tech will get a $2.5 million 
gift from the state of Georgia to help 
build a research reactor, Gov. S. Mar- 
vin Griffin promised. The pledge was 
made as Dr. Walter H. Zinn described 

(Continued on page 156) 








The next two pages 
tell how you 
can benefit from 


00 
years 


of amplifying 
microvolt-level signals 
from thermocouples, 
strain gages, pressure 
pickups, and every 
other type of 
transducer with... 
unsurpassed accuracy 


dynamic response 
reliable operation 


(KAY LAB) 
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Only with the KIN TEL DC amplifier! 


You benefit by LS" OO. 
years’ 


experience 
in critical 
applications 


Input 


strain, torque, flow, 
temperature, vibration, 
pressure, noise, 
displacement and 
other physical 
phenomena 


Output 


strip recorders, wideband 
oscilloscopes, voltage-controlled 
oscillators, recording galvanometers, 
tape recorders, analog-to-digital 
converters, computers, 

process control elements 


It’s the basic component 
for all data transmission 


...and no other DC amplifier delivers 


all these specifications to you...now! 


CHECK THESE OUTSTANDING FEATURES: 

+2 microvolt stability...less than 5 microvolt noise 
...+35V, +40 ma output...high input impedance... 
low output impedance... 
variable gain ranges. . 
integral power supply. 
The KIN TEL “drift-free,” wideband DC amplifier 


.6-unit rack mounting... 
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10 accurate, continuously- 


provides simple, accurate measurement of dynamic 
physical phenomena. It is a proven component for 
testing missiles, aircraft, buildings, bridges, ships, 
guns, heavy machinery...for medical research...for 
evaluating strength and riding quality of vehicles... 
for control of atomic reactors, and of chemical and 
industrial processes. 





PROVEN RELIABILITY. Yes, KIN TEL DC amplifiers have 
more than 500 years’ cumulative operating time. In 
one installation alone, they have logged an amazing 
record of over a million hours of stable, trouble-free 
operation. This kind of record is the result of strin- 
gent quality controls in every stage of manufacture 
...of thorough testing and calibration prior to deliv- 
ery...and of years of experience gained in the design 
and manufacture of thousands of chopper-stabilized 
DC amplifiers. 

AMPLIFY MICROVOLTS WITH STABILITY. KIN TEL 111 
series DC amplifiers provide unsurpassed dynamic 
performance, maximum stability and the lowest drift 
of any commercially available wideband DC ampli- 
fiers. They incorporate KIN TEL’s proven chopper- 
amplifier circuitry and provide ten extremely precise, 
feedback-controlled gain ranges, plus continuously- 
variable gain adjustment between normal gain set- 
tings. Several feedback loops assure high accuracy, 
stability and uniform frequency response, unaffected 
by load or gain changes. 

REPLACE COMPLEX, OBSOLETE CARRIER SYSTEMS. Exist- 
ing carrier systems can be replaced by a KIN TEL 
packaged “plug-in” DC instrumentation system. 


These systems are complete from input transducer 
to output device. They provide greater accuracy and 
bandwidth, operational simplicity, and eliminate the 
capacitive balance problems of carrier systems. 


WIDE CHOICE OF MODELS. The operational version of 
the KIN TEL DC amplifier permits the user to employ 
his own external feedback networks to provide up 
to 100% resistive or capacitive feedback around the 
amplifier...to obtain many desired amplifier charac- 
teristics, such as specific gains, integration, active 
filters, bandwidth limitations, and the generation of 
complex linear transfer functions. Floating input 
models eliminate the problem of ground loops, and 
are especially useful for grounded thermocouple 
measurements. 


NATIONWIDE ENGINEERING STAFF. There are KIN TEL 
representatives in every major city. An experienced 
application engineer is always available to assist in 
solving your needs, and to prepare a detailed proposal. 


FAST DELIVERY. KIN TEL offers immediate delivery 
from stock on reasonable quantities of standard am. 
plifiers. Call the KIN TEL representative nearest you 
for information, or write us direct. 











Six standard amplifiers 





in compact 19-inch 
rack mountable module 
— ideal for multiple 
channel installations. 

















model 111BF DC Amplifier 


Steps of 0, 20, 30, 50, 70, 100, 200 


Gain (Phase Inverting) 
300, 500, 700, 1000 with continuous variation between step 
by potentiometer 

Gain Accuracy 4 DC to 


Input Impedance 


} db down at 40 KC 


100,000 ohms 


»KC 


Output Impedance Less than 1 ohm in series with 25 zh 


Equivalent Input Drift 2 qv 
\ peak to 
50 ke, less 


0 to 3 cps less than 5 


v RMS. 0 to 


Equivalent Input Nois« 
peak. 0 to 750 cps 
than 12 nw RMS 


Chopper Intermodulation 


less than 


Less than 0.1° 
1.0 wf (external) 
Better than 0.19% to 2 KC 
0 to 35V where Rl 1000 ohms 
10 MA where RI is 10 to 400 ohms 
Frequency Response 0.3 db ( 327) DC to 10 KC, less 
than 3 db down at 40 KC 
Rise Time 
Phase Shift 


Maximum Output Cable Capacity 
Linearity 


Output Capability 
0 to 


Less than 5 


Representatives in all major cities. Write for free demonstration or detailed literature today. 


Less than 10 uv sec. 
to 2? KC. 


Overload Recovery Time 
Dimensions 
Amplifier Unit 
nit in Cabinet 5-7/16" wide 
wk Adaptor Module for 6 Amplifier 
8%,” high, 181 
Power Requirements 
Amplifier 117V »-125V), 60 cycles, 70 VA 
Cabinet 117V. 60 eveles, 15 VA 
6-Unit Module 117V, 60 eycles, 45 VA 
Net Weight (Amplifier) 


Price 


wick 


R: 
deep 


11 pounds 
Amplifier $575.00 
Cabinet, with fan and connector $105.00 
6-Unit Module, with fans and con 


ier must be operate din Module or (¢ 


S200 00 


nectors 
abinet 
5725 Kearny Villa Road 


San Diego 12, Calif. 
Phone: BRowning 7-6700 
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Economy of 
mass 


production 


Temperature 
controlled 
network oven 


Extra bay for 
custom 
expansion 


Highest 
component 
accuracy 





Advanced 
problem and 
program 
check 


Digital (AERO) 
Automatic 
Extended 
Readout 


100% 
shielded 
patching 
facility 


For details on this|PACE|Analog Computer Group 131R 
Experience- and on time rental at EAl’s Computation Centers—serving 


proven 


seen Economic eastern industry in Princeton, New Jersey—serving West- 
ependabiitty 


building-block ern industry in Los Angeles, California—serving European 
expansion. industry at Brussels, Belgium, write Electronic Associates, 
Inc., Dept. CE-10, Long Branch, New Jersey. 
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INDUSTRY’S PULSE 


Labor's New Assault— 


The Four-Day Week 


When the United Automobile Workers (UAW-CIO) launch 
their 1958 assault on the auto companies in Detroit next spring, 
the four-day week is sure to be one of the top objectives. Union 
president Walter Reuther claims “the shorter week is the work- 
ingman’s counterpunch against enforced leisure that will be the 
inevitable result of increased productivity stemming from the 
use of automatic controls.” 

Reuther championed the short week at UAW’s constitutional 
convention in April; he won for it a place high on the list of 
demands prepared by delegates. Now he’s laying the ground- 
work for its adoption next January by the membership. Only 
chance of an upset would come from a rarely undisciplined 
meeting placing greater immediate stress on pensions. 

UAW likes to feel it is the bellwether of unions. Its politi- 

cally ambitious president is determined that the auto workers 
lead the field. They were first with a guaranteed annual wage; he 


wants them to be first with the four- -day week. And if the auto 
workers win it, steel, chemical, and electrical unions will be at 
the bargaining table next. 


The “fight for leisure”, as the union likes to call it, should 
rate more inches in the future’s history texts than even Henry 
Ford’s “five dollar day”. Of course the idea of less work for the 
same pay is highly attractive to the men at the time-clock level. 
UAW’s top echelon say they would oppose it as economically 
unsound if it threatened existing productivity. But they feel 
they need something to serve as a check against the inroads of 
automatic machines. 

Widespread use of automatic controls is acknowledged as 
being inevitable by UAW-CIO planners. Officially they have 
never condoned a strike against a new machine. Their sharpest 
actions stem from the immediate problem of relatively small 
groups of workers displaced by individual installations of auto- 
matic machinery. 

UAW spokesmen point to the stormy last years in Detroit of 
the Murray Corp. as a typical example. A subcontractor for 
Ford Motor Co., Murray employed 5,000 men in turning 
out about one-third of Ford Div.’s body stampings. When Ford 
mechanized its stamping activities, the increase in production 
was sufficient (it was tripled) to permit it to cancel the 
Murray contract. Murray had to lay off 5,000 of its work force. 


Labor's 


counterpunch 


Fight for 
leisure 


OCTOBER 


1957 





Alton 


¢ 


Servo Comparator 


Where the difference between 
two voltages is required, 

a mechanical chopper 
develops such a signal. With 
a BBM chopper, the two 
voltage sources are isolated 
from each other. The 

error signal is modulated, 
the phase showing which 
voltage is the greater. 


Type 31 3 for operation 
from —65 C to +125 C 
with NO derating 


Guidance System 


For guided missiles and 
other equipments subject to 
shock and vibration, the 
balanced-armature chopper 
is used. This chopper has the 
electrical stability of other 
mechanical modulators, 

plus unusual resistance to 
external disturbances. 


Type 351 operates normally 
during 15 G vibration at 
10 to 2500 CPS 
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A 


DC Amplifier 


The mechanical chopper, 
because it has long-term 
stability, especially under 
fluctuating ambients, provides 
a simple and dependable 
means for modulating and 
demodulating DC signals for 
amplification in either 
vacuum-tube or transistor 
amplifiers. 


Type 1 76 drive coil leads 


out top for minimum noise 


Analog-to-Digital 
Converter 


In such applications as 
production test equipment 
where digital indications are 
desirable, a mechanical 
chopper samples the analog 
input. The equipment 

retains its calibration, there 
being no drift in the chopper. 


Type 175 standard plug-in 
60-CPS unit 


& 


Operational Amplifier 


Wide-band DC signals, 
such as in analog computers 
and proportional controls, 
are readily amplified in a 
directly coupled 
vacuum-tube or transistor 
amplifier whose zero is 
stabilized by a mechanical 
modulator. 


Type 800 double- pole 


double-throw for full 
isolation 


DC VIVM 


Because of its stability, 

the mechanical modulator is 
used in vacuum-tube 
voltmeters. In such 
applications the chopper 
extends the DC sensitivity 
into the microvolt region, an 
order of magnitude beyond 
that usually possible. 


Type 300 standard 


miniature 400-CPS SPDT unit 


AIRPAX PRODUCTS CO., CAMBRIDGE DIVISION, JACKTOWN ROAD, CAMBRIDGE, MARYLAND 





INDUSTRY’S PULSE 

This case illustrates Reuther’s chief concern with automatic Vertical 
machinery: “vertical integration”. If major auto makers find integration’s 
it cheaper to install automatic machinery and produce their own a culprit 
parts, he feels there’s bound to be some violent dislocations for 
workers. And a substantial fringe will suffer permanent eco- 
nomic loss because of age or lack of skills required by the new 
machines. The union says these people need some kind of 
special attention. 

One of the big question marks is just how the four-day week 
will make its first appearance in industry. The mathematics are 
obscure even to UAW planners. There’s one opinion that 
thinks it will start as a demand for time-and-a-half for the fifth 
day, switching it into a simple pay raise. 


But regardless of how it is worked out, the pressure for the More support 

short week is building up. More and more union people, such as 
Stanley Ruttenberg, ‘director of research for the AFL -CIO, see 
the four-day week as a necessity. Ruttenberg explains it with 
figures. He says there are some 750,000 new people coming into 
the labor force every year at a time when new, more efficient 
equipment with automatic control systems are being introduced 
as well; something has to be done to give the worker a chance to 
be productive while giving the new machinery a chance to per- 
form its technical improvements. 


Labor leaders feel that automatic controls will make its biggest Oil will follow 
impact in steel and the automotive industry. Industries like 
chemical and oil refining have little influence ( (despite a wide- 
spread use of automatic controls) because there are already so 
few workers, relatively, in jobs that make for unionism. There- 
fore, the oil and chemical workers will follow what the large 
manufacturing unions seek and get. 

Union economists argue that the worker, on a four-day week, 
will eat as well or better, drive a better car over better highways 
and require more services that will pay off in purchases of goods 
that other people and machines make. The four-day week, they 
say, is giv ing the workers “their share” of technological advance- 
ments in the form of more leisure. 








\/ 
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tools for digital techniques in the laboratory 


It wasn’t long ago that the average digital specialist was spending more 
time breadboarding than he was solving problems. Long on ideas, he 
was woefully short on tools. That’s why Burroughs organized the Electronic 
Instruments Division—to supply the digital specialist with the laboratory test 
equipment his technology demands. And it has! 

Today E.I.D. offers the laboratory working in digital techniques specialized 
equipment and services in these three major areas: 

(1) Logical Building blocks. Unitized Pulse Control Equipment that brings 
block diagrams to life in minutes for the solution of logical problems. . 
permits fast test set-ups for testing components, circuits, systems. 

Plus the BCT-301, a complete system for putting magnetic cores in a 
simulated system and observing their performance. 

(2) Special purpose laboratory test equipment. A group of instruments 
implementing the use of precision digital methods in comparison, 
measurement, and counting. Typical units are a precision delay generator 
... high frequency pulse generator . . . a device for displaying up to 
ten separate inputs on a scope face simultaneously . . . and a calibrator 
especially designed for measuring peak amplitude in millivolts. 

Complete systems design. When design and test requirements are 
extremely complex, E.I.D. will design, develop, and install a complete 
system .. . such as complete core memories, memory plane testers, 
digital computer subsections. 

If you’d like to learn more about any particular area of E.I.D. service, 
we'll be happy to send you all the information available. You need only request 
it. But if you have a particular problem, why not send it along to us now. 

We'll gladly work with you in developing a solution. There’s no obligation. 


BURROUGHS CORP. - ELECTRONIC INSTRUMENTS DIVISION - Department A - 1209 Vine Street - Philadelphia 7, Penna. 
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| There’s Still a Need 


There are clear signs that the shortage of engineers is temporarily casing. 
A book just published by the National Bureau of Economic Research even 
asserts that “there is no evidence of a shortage of engineers”. But don’t push 
the panic button; we can’t see a glut of engineers occuring in .the control 
field for the next three years. American industry must have competent control 
engineers to design installations of the control equipment which we expect 
industry will purchase between now and the end of 1960 — at an increasing 
rate that will mean a 40 percent gain. Any hastily- or ill-conceived predictions 
of an oversupply of engineers in our field may jeopardize your ability to carry 
that increase. We urge you to continue to steer engineering students into this 
field. Sharpen your own knowledge of the principles and equipment used 
because we can see tougher sledding ahead for technical people who are not 
adequately trained and experienced in measurement and control. 

Demand and Supply of Scientific Personnel is the title of the book men- 
tioned in the preceding paragraph; D. M. Blank and G. J. Stigler are its authors. 
Apparently the only thing wrong with the conclusions of the authors is that 
they have used data which are four years out of date. The authors rely on the 
premise that engineer shortage is directly proportional to a ratio — increase 
in engineering salaries divided by increase in salaries of other workers. Using 
their data they calculated a ratio whose value was smaller than one. Therefore, 
they conclude, there is no shortage of engineers. However, let’s use data that 
have a shorter response time, for example, the EJC Salary Survey covering 1956 
and 1953. It shows that the average salary increase for members of EJC 
constituent societies from 1953 to 1956 was 25 percent. Meanwhile, the pay 
of all wage and salary employees increased only 12 percent. When you grind 
these figures through the Blank-Stigler formula the ratio is greater than one. 
According to this more timely analysis, a shortage does exist. 

Is there any added comfort in industry’s report, through the latest McGraw- 
Hill Dept. of Economics survey of plans for capital investment, that it expects 
to employ 15 percent more scientists and engineers in development work in 
1960 than in 1957? There is, if all you want is assurance. We suggest you 
take a clearer lesson from the experience of engineers discharged a few weeks 
ago in southern California and on Long Island because of cutbacks in defense 
contracts. They readily found new work (frequently in the Mid-West) if they 
were well-trained and technically competent. This is your insurance at a time 
when the gap between supply and demand has narrowed — technical training 
and competence. 


THE EDITORS 
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SPECIFICATIONS 


Sweep Range: 0.02 nsec/cmto 15 sec/cm 


Calibration: 24 sweeps: 1-2-5-10 sequence, 


0.1. nsec/cm to 5 sec, 


Triggering: Internal, line v ola =) 41-3 ale! 
0.5 v fo] am silela 1 Pos fo] Malte | 


ama lale ts) 


Preset Trigger: Optimum setting for auto 


ilehiLee tielol(-maalelel-talare| 


Horizontal Amplifier: Sweep magnification 
10, 50, 100 times. Vernier Tihilelameelatiael 
10 >». External in 


Ser sitivity 


to 10 MC 
Optimum transient re ) rise time less 
than 0.035 usec. Signal delay of 0.25 psec 
or -Taul ie Ma telellale ME-1elel-Meoh Middle lel lalate ME Tie lal] Mie) 


be viewed 


Amplitude Calibration: 18 calib. voltages 
1-2-5-10 sequence, 0.2 mv to 100 v peak-to- 
peak. Accuracy 3%. Approx 


1 -MelaloMe[-leeh melo] olgo) amm IMO) 


n Amplifier 


hannel Amp 


-hp- 150A 


— FREQUENCY 
SCILLOSCOPE 


New reliability » New convenience 
DC to 10 MC. Plug-in preamplifiers 
24 direct reading sweep times 
Sweeps 0.02 tusec/cm to 15 sec/cm 
“Universal” automatic triggering 
New, ultra-conservative design 


New Model 150A is not a ““warmed-over”’ imitation 
of previous oscilloscopes. Instead it is a totally new 
kind of instrument, whose radical design approach 
obsoletes old standards of oscilloscope versatility, 
simplicity and dependability. 
Specifications given here spell out the 150A’s unique 
usefulness. Its simplicity and reliability stem from 
such unique features as: Unitized circuits, easily 
isolated for testing or service, etched and mounted 
on translucent plastic. Highest quality components, 
operated well below ratings. Concentric, color- 
coded, functionally-grouped controls. Direct sweep- 
time selection; no mental gymnastics. Universal 
automatic triggering system wherein one preset 
adjustment provides optimum triggering for 
almost all conditions. 
Wouldn't you prefer a really new, convenient 
oscilloscope? Call your -/p- representative today for the 
complete story. Or, write direct. 


HEWLETT-PACKARD COMPANY 


4053H PAGE MILL ROAD «+ PALO ALTO, CALIFORNIA, U.S.A. 
CABLE “HEWPACK" * DAVENPORT 5-4451 
Field engineers in all principal areas 


Data subject to change without notice. Prices f.o.b. factory. 


also offers -hp- 130A Low Frequency Oscilloscope, 
de to 300 KC, sweeps 1 psec/cm to 12.5 sec/cm. 
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Designing Stability into 


Hydraulic Governors 


THE GIST: The hydraulic governor is a vital part of the speed-control loop 
in many pieces of large rotating equipment. In fact, the governor itself 
spans most of the loop, since it contains the feedback transducer (mechani- 
cal flyball), the amplifier (pilot valve) and the servomotor (hydraulic cylin- 
der). The governor designer is dealing, therefore, with a full-fledged servo- 
mechanism and encounters the same incentives for dynamic analysis as do 
designers of the most extensive feedback control systems. 

In this article the authors detail completely a proven method for the 
design and analysis of a hydraulic servomotor governor. The major feature 
of the method is that it does not involve the use of complex variables and 
Laplace transforms, which have become such dominant factors in most of 
today’s servo work. Instead, the authors have chosen the classical methods 
of deriving and solving the differential equations needed to describe the 
dynamic operation of the governor. This approach is shown to be extremely 
effective for this application and to have the great benefit of being well 
adapted to the needs of mechanical engineers who are not familiar with 
the latest control system theories. Particularly intriguing is the logic that 
leads to the expression of the stability criterion as a single quantity. 


E. Y. SOOMIL and V. G. GUINS 
Westinghouse Electric Corp. 


shifted by centrifugal forces in proportion to turbine 
speed. A system of linkages transmits the movement 
of the weights to spool 3 of a hydraulic pilot valve 
or “relay” that controls the flow of oil to the servo- 


When used to drive electric generators, prime motor cylinder. Piston 4 of this cylinder supplies 


movers such as steam and hydraulic turbines are 
usually provided with governor valves or variable 
pitch nozzles. These open and close automatically 
to regulate the flow of working fluid in accordance 
with the load on the generator and thereby main- 
tain an approximately constant speed of operation. 
While satisfactory for small turbines, direct-acting 
governors lack sufficient power to move the valves 
and nozzles of larger units. For this reason, some 
type of hydraulic actuator or “servomotor” is inter- 
posed between the speed-sensitive element and the 
control valve or nozzle. 

Figure 1 reveals the construction details and the 
mode of operation of the pistons and linkages in a 
common type of hydraulic servomotor governor. 
Turbine shaft 1 drives speed-sensitive element 2, con- 
sisting of spring-counterbalanced weights that are 


the amplified forces needed to reposition valve 5 
that adjusts the flow of steam to the turbine. 

To follow the sequence of operation, assume that 
the load on the generator is lightened, resulting in 
a lesser demand on the turbine. Momentarily, the 
steam-power input to the turbine exceeds that 
needed to supply the mechanical power delivered at 
the output shaft, and the machine accelerates. With 
the increase in speed, the weights move out, lifting 
the spool of the hydraulic relay. ‘This ports oil 
pressure to the blind end of the cylinder and opens 
the rod end to sump so that the piston follows 
the motion of the spool. ‘The upward movement 
of the piston causes control valve 5 to close partly 
as needed to restore the balance between steam 
power input and mechanical-power output. By 
the time that this balance again exists, the regulator 
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FIG. 1. Assembly view of a com 
mon type of hydraulic servo- 
motor governor. In this case the 
flyball speed sensor actuates a hy 
draulic pilot valve, thereby con 
trolling the movement of the 
servomotor piston. 




















valve, the piston, and the speed sensor weights 
have come to rest in their new positions, while 
the relay spool has returned to its neutral position. 

Similarly, a decrease in speed is accompanied by 
downward movements of the relay spool and the 
piston, opening the control valve to admit more 
steam to the turbine. 

It is obvious that the piston lags behind the 
relay in following it as it takes a certain relay port 
opening (h) to allow the oil to flow. For an 
infinitesimally slow change in load the movements 
of the relay and piston will also be infinitesimally 
slow, requiring an infinitesimally small flow and 
port opening. A very small relay and speed-sensitive 
element would be adequate. ‘This may not be so for 
a sudden change in load which imposes the most 
severe demand on the operation of the governor. 
Therefore, a mathematical analysis of such opera- 
tion will be made in order to furnish a basis for 
the selection of the relay size and the speed-sensitive 
element size. 

The basic behavior of the governor at sudden 
change of load can be reasoned out without recourse 
to mathematics. At the first moment, when the 
difference between input and output is the greatest, 
the machine acceleration, port opening, and piston 
speed are at maximum. As the governor valves 
approach the position needed to accommodate the 
new load, all the above listed variables decrease 
toward zero. When the piston and governor valve 
reach the final position, the opening of the relay 
ports will be approximately zero and the machine 
speed will be near its steady-state value. 


DYNAMIC ANALYSIS 


The first major step in the mathematical analysis 
is to develop the equations describing the dynamics 
of governor operation. The constants and variables 
affecting this operation are listed in the accompany- 
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ing table of symbols. In the sections that follow 
equations will be written showing the relationships 
among all of the variables. 


Excess torque (TI) and piston travel (H,) 

If the load suddenly decreases by the amount of 
A W (expressed in kilowatts), input torque momen- 
tarily will exceed output torque. The magnitude of 
excess torque in lb-in. is 


AW X 85,000 
N 

As piston 4 (Figure 1) moves to close the governor 
valve, the excess torque decreases. ‘This decrease is 
directly proportional to piston travel because the 
torque varies linearly with the steam flow (from the 
well-known Willans line), and because the varia- 
tion of steam flow with piston travel is approximately 
linear. The excess torque becomes zero when the 
piston has traveled the distance H, and reached its 
final position. If H is the piston travel from the 
initial position and x = H, — H, then the excess 
torque at any given point in the piston stroke is 
given by: 


T; = 


AW X 85,000 | x 


it N H, 


As the load decreases, the speed increases. ‘The 
exhaust flow then exceeds the inlet flow, leading to 
a drop in pressure and allowirlg the steam inside 
the turbine to expand. To take this secondary effect 
into account, the factor Kg is introduced. This con- 
stant is defined as the ratio of energy content of the 
steam inside the turbine downstream of the governor 
valve to the increase in kinetic energy of the rotor 
from initial to final speed. (Note that Ke is zero 
for incompressible fluids). The final expression for 
excess torque then becomes: 

(1 + Ks) AW X 85,000 


die NX dH, ) 





Torque and acceleration 
The angular acceleration of the turbine rotor due 


. 1 T 
to the excess torque is: 5 = 4 (2) 
€ 


Piston travel (x) and oil flow (O) 


~ 


Because the piston displacement is equal to the 
volume of oil admitted, the following may be written: 


—-Adxr =Qdt (3) 


Oil flow (Q) and port opening (h) 


Let P = oil supply pressure 


F 


‘ differential pressure on operating piston 


= pressure drop through pilot valve. One-half 
of this is pressure drop through each port 
opening. The plus is used for closing and 
the minus sign for opening the steam valves. 
x dh = area of port opening 


Then, the oil flow is given by: 


= ae 
Q = 40C or dha |a( P + r) gpm (4a) 


= 154C yr angfa(P ste ) cu in./sec (4) 


Speed (w), port opening (h) and piston travel (x) 

As the machine accelerates from wo; to o, the 
centrifugal force F, exerted by the weights is pro- 
portional to the increase in speed, or: 

Fy = K2(w — w) 
This force has to overcome the force F»2 of the spring 
and the hydrodynamic force F, of the relay valve. 
Thus: PF, = F, + Fa (5a) 
The force of the spring is proportional to the pilot 
travel, which is the sum of the piston movement and 
port opening: F; = Ki(h + H) = Ki(h + H, — 2) 
The hydrodynamic force of the pilot valve arises 
from the reaction of the stream of oil discharged 
through the port. According to the momentum 
theorem, this force is proportional to the product 
of the mass flow and the velocity of the stream, or: 
FP, = K, 202 
g 

Now V can be obtained by inspection from Equa- 


ile + z ) (5b) 


Therefore, from Equations 4 and 5: 
. , (154)? J 
Py = K, 1 cue ah xi P= 4 ) 
g A 


Experimentally it was found that: 


tion 4: V = 


(154)? C 
g 


Hence, Fa = 2ri{ P + F yi 


}Ky 


amy = 2.7 


A 


Then 4H, 


For a given relay valve diameter d, oil pressure P 


and force F: Fg = K;h 


where 
K; = 27i{ P ie 4 ) 


By substitution, Equation 5a becomes: 
Ko(w — wi) = Ki(h + H, — x) + Koh 
= (Ki+ Kh — Kye + Kill 
For the final conditions of h = 0, o 
x = 0: K2(w: — wm) = KiH, 
KiH, 


@2— Wi 


K, = 


wor 


Then KH, = (Ki + Ki)h — Kir 4 
@ 


K 3 


Now, let K; = K, 


ee EE ee ee 


@2 — @ 


and differentiating: 


__ dw = (1+ K;) dh — dx 


w2 — WI 


STABILITY CRITERIA 


The group of equations numbered 1 through 5 
above include the following six variables: angular 
speed of the rotor (w); time (t); excess torque (T); 
piston position (x); oil flow (Q); and port opening 


TABLE OF SYMBOLS 


Variables 
angular speed of the rotor, rad/sec 
time, sec 
excess torque, lb-in. 
piston travel from initial position, in 
oil flow, cu in./sec 
port opening, in. 


oO 
Constants 
moment of inertia of the rotor, lb-in*. 
acceleration of gravity, in./sec? 
output change, kw 
total piston travel between initial and final position, in. 
speed, rpm 
net area of piston, sq in. 
pilot valve discharge coefficient 
pilot valve diameter, in. 
governor oil pressure, psi 
force exerted by piston on regulator valve, lb 
initial force of governor spring (referred to pilot valve), lb 
governor spring modulus (referred to pilot valve), lb/in. 
sonistbagal force change referred to pilot valve per 
radian/sec change in speed, Ib-sec /radian 
initial angular speed of the rotor, rad/sec 
final angular speed of the rotor, rad/sec 
154 (dimensional constant to give Q in cu in./sec 
hydrodynamic force factor, lb/in. 


puunnnannaoua 


ll 


“uud 


— K; 
Ky 
behavior coefficient 
expansion factor 


(hydrodynamic force coefficient 


we — . 
(regulation) 
1 


oil density, lb/in.* 
B(1 + K;) = dynamic coefficient 
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(h). By substitution within the five equations, 
w, t, T, and O can be eliminated, yielding the follow- 
ing relationship between h and x: 

dh 


> x > 
(1+K) S-=1-BF (6) 


where 
16,500 (1+ K.) AWA __ 


—- Seesicn 
RN? Card NE (P 4 4 ) 


Before establishing the mathematical test for 
hydraulic servomotor stability, it is well to state in 
physical terms exactly what the criteria are. First, 
a governor is stable if the relay ports close fully 
(h = 0) when the piston reaches its final position 
(x = 0). Second, when the piston comes to rest 
in this position, the machine speed must have 
reached its steady-state value. 

Now, to translate these criteria into mathematical 
terms, examine Equation 6. ‘This relationship 
between h and x forms the basis for examining any 
given design of hydraulic governor to determine if 
h and x actually do become zero simultaneously; i.e., 
to determine whether or not the design will yield 
inherent stability. Now, a new constant will be 
introduced. This constant is D, defined by: 

D = Bil + Ks) 
This constant determines the variation of h with x, 
and can be used as the mathematical criterion of 
stability. It will now be shown that the stability 
requirements are fulfilled when D is less than 0.25. 
In the latter case, the solution of Equation 6 is: 


B= (7) 


‘ vo(4 + ela 


}- VE-D 


WANES D - 14 Kaul ro ™ 





ar 
[ib +VE— D — (1+ Kyu]*vueo 


h 
where u = — 
z 


With Equation 8 available, the curves shown in 
Figure 2 can be drawn. The curve of u vs. x is 
tangent to horizontal line cb and passes through 
point a, whose coordinates are 


u=O0O; z=H, 
and through point c, whose coordinates are 


OF tne. YI 
1+ Ks 

‘The second curve in Figure 2 is that of h/H, vs. x, 
which is found by reducing each u ordinate in the 
first curve by the ratio x/H,. This second curve 
passes through points a and 0 and is tangent to the 
straight line ob. 

The next step is the derivation of a curve, Figure 
3, showing the relationship between port opening h 
and piston travel x. ‘This is easily obtained from the 


xz =O; 


4 u 
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graph of h/H, vs. x described above. ‘The ordinate 
of point b is known as the “critical port opening” 
and is defined as: 


_4-vi-D 
1+ Ks 

It is apparent from Figure 4 that there is close 
agreement between the curve of h vs. x calculated 
by this method and a curve of the same relationship 
as determined experimentally. The experimental 
curve was obtained by means of an instrument of the 
kind used for making indicator diagrams of recipro- 
cating engines. As depicted in Figure 5, the indicator 
was mounted on the operating piston, the tracing 
point connected to the pilot valve, and the end of 
the string rotating the cylinder attached to a station- 
ary point. 

The curve of the angular speed of the rotor (w) 
vs. piston position (x) is obtained from Equation 
5f, which can be rewritten as: 


H, - : 
wo ont A (on — oy) + OE ROM 


her xX Ho (9) 


(we —_ w) (10) 


Note that the first and second terms on the right 
represent the steady-state speed which would be 
maintained during a slow change in load. The re- 
maining terms furnish a measure of how much the 
speed departs from the ideal during a sudden change 
in load. Figure 6 gives the curves of » vs. x for both 
types of load changes. Actually, the horizontal axis 
of Figure 6 is in terms of percent of load, the values 
for which are obtained by applying a suitable conver- 
sion factor to x. These curves are derived under a 
procedure similar to that used previously for the 
curve of h vs. x, except that the critical port opening 
h., is repiaced by the critical speed difference or: 


FIG. 2. First step in a graphical analysis of the 
dynamic operation of the servomotor governor 
is derivation of curves of u and h/H, vs. x. 








we a 
d — ; ISTO, == Seagt 
REUTRAL SEGINNING PORT OPENIN 
POSITION 


FIG. 4. Indicator diagram superimposed on derived curve 
shows close correlation between test and calculated data. 


Asay = AT Halter —— 
= (w: — w)(4 — ¥ G — D) (11) 
It can be seen from Figures 3 and 6 that when the 
piston reaches its final position, the port opening 
is zero and the speed is the steady-state speed. Thus 
the stated requirements have been satisfied and the 
system is inherently stable. 

While the above analysis is certainly valid for all 
values of D less than 0.25, it is also possible that the 
system will remain stable for greater values of D. 
However it can be seen from Equation 1] that for 

== }, the critical speed difference is 

Awer = 3(we — w) 

This is regarded as a maximum safe speed “jump” 
due to load changes, because with larger fluctuations 
the turbine speed might momentarily exceed the 
no-load value—a condition which should never be 
allowed to occur, because with no load on the tur- 
bine (other than losses) and even with the control 
valve closed, the speed will tend to remain the same, 
having overshot the steady-state, no-load value. 
Therefore, the dynamic analysis of conditions aris- 
ing when D exceeds 0.25 would not be of great 
practical importance. 


DESIGN PROCEDURE 


Dynamic analysis has shown that the operation 
of the governor is stable when 
D < 0.25 
or 
B(i + Ks) < 0.25 
By substituting from Equations 5d, 5e and 7, this 
criterion may be restated as follows: 


2.7d (P + i) 
16,500(1-+K) x wal +! 





rue 1 x catia|i(P +) 


J J gt aig 

ma - | 
FIG. 5. Arrangement of test apparatus for obtain 
ing indicator diagram of servomotor performance. 
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Speed, percent of full load 


shi 2 ee 60 100 
= Lead, percent of rated 


FIG. 6. Curves depict speed changes with both fast 
and slow shifts in load. 


The quantities A W, Ke, R, N, 
known for a given turbine. 

Also, the value of discharge coefficient C, can be 
assumed to be 0.50. The governor designer has the 
responsibility to determine or select governor oil 
pressure P; piston area A; pilot valve diameter d 
and spring modulus K,. Since Equation 12 will give 
only one of these quantities if the other three are 
known, it will be reserved for the constant K,. The 
quantities P, A and d will be determined by other 
means—the general objective being to obtain a 
minimum K, since a “soft” spring in the speed 
sensitive element permits the use of small weights, 
lightens the load on the knife-edge bearings and 
lengthens service life. 

Oil pressure (P) and piston area (A 

The force of oil, PA, on the piston must exceed 
the valve force F to enable the opening of the valve 
This may be stated as: 

PA =C,F with C,> 1 
According to Equation 12, the area A should be as 
small as possible for a given oil pressure. Therefore, 
the constant C, should be made as small as possible. 
Yet, to provide a liberal margin for overcoming fric 
tion, C; should not be smaller than 2. Now, the 


and F are 
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Awer= v4 . 
(we-wits- JED) 





expression A =C, F/P can be substituted in Equa- 
tion 12 and D solved for as follows: 


. “{ CiF 2.7d(Ci 4 4 
16,500(1 + Koaw( - 1 ees 1)F ) 


nvr! cain|s(v +) 


The last equation indicates that it is advantageous 
to use as high an oil pressure (P) as possible, pro- 
vided the piston area (A) can be reduced to suit. 
In many control systems pressures up to 2,000 psi 
are employed. Now, in steam turbines both gov- 
ernor oil and lubricating oil are usually supplied from 
the same pump. Since lubricating oil is delivered 
to the bearings at about 10 psi, a pump discharge 
pressure of 2,000 psi would necessitate considerable 
pressure reduction with consequent wasteful energy 
dissipation. By way of compromise, therefore, 50 to 
100 psi is the normal range of pump discharge pres 
sures specified for turbine governors. Of course, if 
the value of the area is already fixed, Equation 15 
shows that the pressure should be just high enough 
to satisfy Equation 13, with 2 << C; < 3. 


D= 


Pilot valve diameter (d) 

Since diameter d appears both in the numerator 
and denominator in Equation 12, it has little effect 
on stability. This is so because regardless of whether 
the pilot-valve diameter is small or large, the flow 
required by Equation 4 can be achieved by provid- 
ing more or less port opening (h). As long as the 
product h >: d does not change, the flow and the 
hydrodynamic force remain the same despite shifts 
in either variable. One rule established by the 
dynamic analysis (Equation 9) is that | s should 
never exceed the critical port opening (h,,). Further- 
more, to keep port area less than the wae area 
of the pilot valve recess, the relationship h,, < d/16 
should be observed. 

Because the port opening is kept below h,,, the 
limiting volume of oil flow may be found from 
Equation 4a, or: 

A ipa ®), (gpm) (15 


Therefore it is not necessary to provide an orifice in 
the oil supply line to protect the lube system from 
excessive demand of the governor. 


Qmax = 40C iwdher “| 





NUMERICAL 


\ design will be developed on the basis of actual 
quantities to illustrate the workings of. this method. 
The parameters are as follows: 

2,400 kw (2,000 kw turbine- 
generator at 20 
percent overload) 


Output change, W = 


Valve force, F = 400 lb 
Total piston travel, H, = 0.5 in. 
Expansion factor, K, = 0.1 
Speed, N = 4,000 rpm 
Regulation, R = 0.036 
I 
g 
Governor oil pressure, P = 55 psi 
Relay discharge coefficient, Ca = 0.50 


= 2,900 lb-in. sec? 


Using 3 as a liberal value for C; 
found as follows: 


, the piston area is 
CP 3 X 400 Ib . , 

A= = ; = 21.88 ; 

' a 55 Ib/in.? = 


This area is provided by a 5.27-in. piston diameter. 


ee < , aa - : 
P+ A = 55 +- 218 = 73 psi 


Since pilot valve diameter is not critical, a value of 
1 in. can be tried for d. Also, assume a conservative 
value of 0.15 for D. Then, Equation 15 becomes: 


EXAMPLE 


2.7 x < 7E in.2 
16,500 4 1.1 2.400 ® 21.8(1 ren 1 in. : 73 lb /in. ) 


0.15 
0.036 x 4,000? x 2,900 « 0.50 & x 


0.15 = oor 4 197 Ib "| 
kK, 


Then the modulus for the spring of the speed-sensi- 
tive element is: 
197 |b /in. 197 
i = 28.5 z 
0.15 6.9 b Ib/in 
0.019 
Now, from Equation 5d: 


K; = 2ri{ P a ‘) = 2.7 X Lin. X 73 lb/in. = 197 lb/in. 


And, from Equation 5e: 


ae K; — 197|b/in. _ 6.0 
. 


From Equation 9: 


$—Vi-D $— V0.25—0.15 
} = — ‘ = =— ~ > 5 
6 a 1+6.9 -_ 
Since this h,, of 0.012 in. is less than d/16 or 0.062 
in., the value of 1 assumed for d is satisfactory. 
Lastly, from Equation 4A, 


= 0.012 in. 


Qmax = 40 X 0.50 X x X 1 X 0.012 V4 X 73 = 4.6 gpm 
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Triggering Electronic Flip-Flops 
from Mechanical Switches 


A new transistor circuit at last makes mechan- 
ical-switch inputs compatible with sensitive flip- 
flops. The circuit converts multi-peak (“hashy”) 
wave forms into a single pulse that prevents ran- 
dom triggering. Features of the transistor con- 


verter are 1-microsec 


rise-time and a 


reset 


characteristic adjustable to the switching cycle. 


ROLAND Yili, Burroughs Corp. 


Reliable operation of a sensitive electronic flip- 
flop calls for input pulses that are clean and sharply 
defined. This requirement means that by itself the 
mechanical switch is not a satisfactory source of 
triggering signals for high-speed counters and reg- 
isters. The arcing and bounce encountered in the 
contact operation of devices such as pushbuttons, 
relays and telephone dials produce random trigger- 
ing and multiple transfer of a flip-flop even when 
a single count is desired. 

A novel two-transistor circuit has been developed 
to “clean” the pulses formed by switch contacts and 
to transform an erratic input signal into a single 
fast-rising, high-peak output pulse. With the circuit, 
the effects of arcing and bounce are suppressed and 
random triggering is eliminated. Hence, this devel- 
opment makes it practical now to use mechanical 
switching for the control of a flip-flop. 


Circuit operation 


A schematic diagram of the filter circuit is shown 
in Figure 1. The two transistors are of different 
types: T; is pnp and T» is npn. The input switch 
contacts are in the base circuit of transistor T; while 
the output pulse appears at the emitter of T2. The 
rise time of the output pulse is limited only by the 
inherent switching time (from cut-off to saturation ) 
of the transistors selected. It can be as short as | 
microsec or less. 

The operating voltages are chosen so that the 
magnitude of E» is much greater than that of F;. 
Another design condition is that R,; be made con- 
siderably larger than the ratio RoR3/R2 + Rs. The 
circuit depicted in Figure 1 produces a positive-going 
pulse. Reversing the polarity of the power supply 
and interchanging the transistors so that the npn 
unit is at the left yields a negative-going output pulse. 


FIG. 1. Schematic diagram of 
two-transistor pulse generator. 


When the switch is closed, transistor T, is cut off 
because its emitter is biased at a lower (more nega- 
tive) voltage than the base. 

For a pnp transistor to conduct, its emitter must 
be positive with respect to the base. Hence, when 
the switch is closed, transistor T; is cut off because 
its emitter is biased at a lower (more negative) volt- 
age than is the base. Emitter and base voltages of 
npn transistor T2 are approximately equal so that 
this unit, which is working as an emitter follower, 
is also near cut-off. Conduction in T»2 is possible 
only when its emitter is more negative than its base. 

The first objective in the study of this circuit is 
to learn how a sharp output pulse is generated by 
the opening of the switch contacts. The second is 
to see how the circuit accepts only the initial input 
signal and rejects spurious additional pulses. 

Opening the switch frees the base of T; and the 
collector of T: from ground. Now the electrical 
charges stored as a result of the internal capacitance 
of the transistors are released so that the base voltage 
of T, tends to follow its collector voltage. The rate 
at which the base voltage of T, drops (becomes more 
negative) depends on the magnitude of the col- 
lector resistance and capacitance. Part of the latter 
is inherent in the type of transistor selected and some 
is the stray wiring capacitance between the collectors 
and bases. The time constant is given as 


’ a.) Tc Te 
th = (« el + Ca a Car) r 7 
cl T Tes 
where 


Ca = Collector junction capacitance of transistor 7; 

C.. = Collector junction capacitance of transistor 7; 
Cetray = Stray wiring capacitance 

Ta = resistance between collector and base of transistor 


1 
‘2 = resistance between collector and base of transistor 
2 


The delay between the opening of the mechanical 
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FIG. 2. Equivalent circuit of pulse generator when 
both transistors are saturated. 


FIG. 3. Waveform (top) shows erratic pulses 
formed on a single operation of switch contacts; 
lower trace shows fast-rising first pulse and sup- 
pressed second pulse produced by transistor circuit. 


switch and the initiation of the output pulse is 


determined by both this time constant and the 
emitter bias -E;. As long as T, remains cut off 
while the base voltage is dropping, there is no output 
pulse. However, as soon as the base voltage ap- 
proaches that of its emitter, transistor T; starts con- 
ducting. Now the collector voltage rises with the 
increasing collector current. T, reaches saturation 
after the base voltage has fallen far enough. 

When T, is in the active region, T2 is in this region 
also because its emitter junction is biased in the 
forward direction, its collector junction in the re- 
verse direction. Therefore, the emitter voltage of T» 
follows its base voltage. Note that in this circuit the 
collector of each transistor is connected to the base 
of the other. Hence, transistors T, and T. become 
saturated at the same time, when collector and 
emitter junctions are biased in the forward direction. 

The wave form of the output is always the same 
as that observed at the collector of T; because of 
the parallel action of the two transistors. The rise 
time of the output pulse is determined by the switch- 
ing time of T,, which is the period taken to reach 
conduction saturation. If the stray capacitance of 
the wiring is kept low, the switching time depends 
only on the internal characteristics of the individual 
transistors. Rise time is a few microseconds. 

Under saturation, the normally high resistances 
of the collectors change to low forward values. The 
transistors can then be considered as short circuits 
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since the values chosen for resistors R and Rs; are 
large compared with transistor parameters r,, ry and 
t, (forward). Hence, when both transistors are 
saturated, the external capacitor starts to charge 
rapidly through resistors Ro and Rg in parallel. As 
the capacitor charges, the emitter voltage on T, be- 
comes more negative. The capacitor charging time 
is the recovery time of the output pulse and is de- 
termined only by the sizes of the external capacitor 
and resistors Ro and Rs. When the transistors are 
saturated, the circuit can be redrawn as in Figure 2. 


Suppression action 


To demonstrate the correlation between the 
bouncing action of an input switch and the resulting 
output, a hypothetical input condition is shown in 
Figure 3A. Assume that as the switch starts to open, 
it recloses momentarily due to vibration. An input 
waveform such as that in Figure 3A could then be 
observed on an oscilloscope. 

The output trace corresponding to such contact 
operation indicates that initially the output voltage 
is —Ez since both transistors are cut off and there 
is no drop across Rs. However, as soon as the tran- 
sistors fire due to the first erratic pip of T, base volt- 
age, there is a large drop across the load resistors. 
This causes the first positive pulse in Figure 3B. 

The undesirable make and break of the switch 
contacts produces an additional pulse at the output. 
The amplitude of the second pulse, however, is 
not sufficient to trigger the flip-flop. The maximum 
amplitude of the second pulse is limited by the 
voltage of the external capacitor at that moment and, 
in this case, the capacitor did not have enough time 
to discharge through R, when the contacts were 
momentarily closed. A long discharge time constant 
is, therefore, an advantage in suppression. 


Design factors 


When the switch is opened, the base voltage of 
T, drops from ground potential toward the negative 


FIG. 4A. Equivalent circuit determining mag- 
nitude of Vsn; B—Alternative version of tran- 
sistor circuit having T, emitter grounded. 





collector voltage. At the same time, the collector 
voltage —Ez rises (becomes less negative). ‘The high 
point of the output pulse occurs when the two volt- 
ages approach each other and the saturation period 
begins. The maximum amplitude of the output 
pulse obtainable is independent of the circuit para- 
meters and is limited only by the magnitude of —E». 

After the switch has been opened for a certain 
period of time, the voltage at the output approaches 
—V as a limit. This final value is given by: 


RR. + RR; LE 
R,R, + RR; + RR; ; 


The height of the step-down voltage Vs» should 
be kept as small as possible; it is calculated thus: 


RR; Ey 
RR: + R,R; T RR; 


Vsp — 


This formula is equivalent to the voltage E, mul 
tiplied by the ratio of Re Rs to Re + Rg and divided 
by the resistance R, in series with parallel resistors 
Rz and Rs, Figure 4A. The necessary condition for 
minimum step-down voltage is that R, be much 
greater than the ratio of Re Rs to Re + Rs. 

Normally the emitter of T; is biased at E,, a more 
negative potential than that of the base. An alterna- 
tive circuit, Figure 4B, has an E, of zero (R; ground- 
ed). Because any small emitter current through R, 
makes the emitter voltage more negative than the 
base voltage, T, is cut off when the switch is closed. 
Actually, full cut-off is not achieved since some tran- 
sistors conduct slightly, even though the emitter 
voltage is somewhat more negative than the base. 
The approximation is, however, quite good. 

When the switch is reclosed, conduction through 
T, stops and the external capacitor begins its dis- 
charge from —V to —E, (or ground). The dis- 
charge path is through R, since the latter is much 
less than the back resistance of the emitter of T;. 
The discharge time constant is thus RyC. The 
capacitor charging rate and the recovery time of the 
output pulse are determined by R2RsC/Re + Rs. 

To suppress the erratic portion of contact action, 
it is essential that the discharge time be much longer 
than the charging period for the external capacitor. 
Since the size of C must be limited if the recovery 
time is to be of reasonable length, the long dis- 
charge time constant is usually achieved by choosing 
an extremely high value for R,; (i.e., high in com- 
parison with Re and Rs, but smaller than the reverse 
emitter resistance of T;). 

In cases where the mechanical switch operates 
cyclically, the RiC time constant is made smaller 
than the length of time that the switch remains 
closed. The criterion of design is: 


RC < 2/3t. 


where t, is the length of time that the switch remains 
closed. If 


R,C > 2/3 te 


the output pulses following the first will be of lesser 
amplitude since the capacitor has not had enough 
time to discharge completely. 

Figure 5 shows an actual circuit and indicates 
numerical values for the various parameters. W ith 
this circuit, a telephone dial has been successfully 
applied to trigger a transistor decade counter. The 
performance characteristics include a rise time of 
1.8 microsec; recovery time of 270 microsec; step 
down voltage of 0.15 volts; and pulse amplitude of 
3.7 volts. With a different type of transistor, a rise 
time of 0.5 microsec has been observed. Figure 6 
shows oscillograms of circuit performance. 


FIG. 5. Actual circuit showing values of parameters. 


FIG. 6. A—Sharp voltage spike recorded at output 
terminal when switch opens. B—Capacitor voltage 
waveform indicating exponential discharge of capac- 
itor through 10-kilohm resistor when switch is 
closed. Baseline represents value of —Ez. 





A first-hand report on 
Control in British Steel 


Increasing demands for steel, accented in Britain by a labor shortage, are 
requiring growing productivity of each steelworker. This problem is made more 
difficult by the increasingly stringent specifications placed by the buyer on 
the quality and dimensions of the steel deliverable. The 300,000-worker British 
steel industry is following its U. S. counterpart in turning to automatic control 
systems for the solution. But its approach is neither the overall systems approach 
advocated by many in the U. S. though practiced by few, nor the piecemeal 
approach practiced by most*. It is rather to apply control as well as possible to 
each major piece of equipment as a system in itself. The approach is illustrated 
here by detailed descriptions of six control systems installed recently in British mills. 


DEREK BARLOW, Control Engineering, London 


The past ten years have shown a record growth 
in Bnitish steel production, from an output of some 
12.7 million tons in 1946 to 20.7 million tons in 
1956. This increase of some 63 percent is all the 
more remarkable when it is realized that from 1939 
to 1946 no capital investment was allowed and hence 
no new plant laid down. But in spite of this bigger 
production, the demand for British steel both at 
home and overseas is increasing steadily (in 1956 
it was necessary to import some | million tons to 
meet the gap between supply and demand). A vast 
program of modernization and installation of new 
plants is under way to provide a capacity of 28 mil- 
lion tons by 1962. 

In the U.K. steel industry the area of payoff for 
control systems is in the mill, since here increased 
operating speeds have made the human operator 
the slowest link in the system. The aim of introduc- 
ing such systems is to eliminate the reliance on in- 
dividual craftmanship, and thus unnecessary safety 
factors (based on a series of empirical rules accumu- 
lated in a random manner over the years), to prevent 
spoilage of the product. This is particularly true in 
forging-press operations, where the operator has to 
mentally integrate the velocity-time characteristic of 
the presshead and remove the power at the correct 
instant to attain the necessary displacement and 
position. A study of a typical machine showed that 
a -25 percent reduction in forging time could be 


*See “The Steel Industry Takes a New Look at 
Control”, Controt ENGINEERING, May 1957, p. 22 ff. 
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achieved with use of automatic positioning control. 

The British steel industry applies control systems 
to major pieces of equipment, such as roughing mills 
and blooming mills, rather than to the overall sys 
tem, or in piecemeal fashion. This approach is the 
result of the basic research work done by the British 
Iron & Steel Research Association through its var- 
ious committees and panels, such as the New Engi- 
neering Techniques Committee, which surveys ad- 
vances in engineering science and their possible 
applications to industry, and the Steel Making Instru- 
ments Committee, devoted to developing instru- 
mentation and automatic control systems. 

The association, which has no counterpart in the 
USS., is a fine example of cooperative research sup 
ported by contributions from its 400 member firms. 
It is in the Electrical Engineering Section, headed 
by Dr. L. N. Bramley, that basic investigations are 
being made into the problems of applying control 
systems and program techniques to the industry. 

Among the firsts achieved by BISRA are: 

‘automatic gauge control for strip mills using 

roll loadmeters 

‘automatic preset program control for elimina- 

tion of rundown in hot strip 

‘automatic positioning control for 

presses and screwdown 

- infrared width gauging 

* works-performance recorder 

‘uniselector-type programming unit 
These developments have been made available to 
the steel industry, and control manufacturers (of 
which the leaders are Metropolitan-Vickers of Man- 
chester, English Electric of Stafford, and Davy- 
United of Sheffield) are engineering them into the 
mills throughout the United Kingdom. 


forging 
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Combination of 
screw position 
- plus 
applied pressure 
giving "gouge" 


Gouge obtoined 
minus 
set gauge 
equals 
gouge error 


Indicotor 


FIG. 1. Automatic gauge control sys- 
tem (Davy-United) uses combination 
of roll position and load (measured by 
load cell) to get gauge of strip leaving 
mill with no transportation lag to cause 
instability at low (threading) speeds 


FIG. 2. Installation of system of Fig 
ure 1 on mill at Lancashire & Corby 
Steel Mfg. Co., Ltd 
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CONTROL TECHNIQUES IN OPERATION 


Automatic gauge control 


In the Davy-United system, based on original re- 
search into rolling-mill behavior by BISRA, the 
thickness of rolled strip can be measured right at the 
roll gap by measuring the screwdown position and 
the mill modulus. This technique, a great advance 
over previous methods, represents an inversion of the 
normal method of measuring the strip to determine 
what the mill has done to it: it measures by observ- 
ing the forces applied by the strip to the mill. 

In conventional schemes, the gauge is measured 
after the roll gap, and the resultant distance-velocity 
delay results in instability of the control system at 
slow speeds. This disadvantage has been overcome 
by measuring the roll gap itself and the load obtained 
from load cells beneath each of the roll screws, as 
shown in Figure 1. Slow drifts in the absolute value 
of thickness thus indicated are compensated by a 
supplementary radiation gage after the roll gap. 


FIG. 3. Position-control system for setting roll 
gap uses position, velocity and velocity squared 
feedback to polarity-sensitive relay amplifier. 


single-stand cold rolling plant was made at Lanca- 
shire & Corby Steel Mfg. Co., Northants, in 1955. 
The finished strip is ieeiniatned to within 0.0003 
in. Of gauge at all speeds, including thread speed. 

All controls for the system are centralized on the 
control desk, where the operator is able to set up 
on four dials the thickness to be rolled in steps of 
0.0001 in. from zero to 0.1999 in. The tolerance 
limits are adjustable, to suit the particular orders 
being rolled, in steps of plus or minus 0.001 in., plus 
or minus 0.0005 in., and plus or minus 0.0003 in. An 
overload control in this $45,000 installation lets the 
operator choose one of two rolling loads (240 or 400 


The first industrial installation (Figure 2) on a 
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tons) at which the controller will be disconnected. 

Similar equipment has been installed for Domin- 
ion Foundries & Steel, Ltd., of Hamilton, Ontario, 
Can., and others are building for three British firms, 
Steel Co. of Wales, Northern Aluminium, Ltd., and 
Guest, Keen & Nettlefolds. Two more are being 
exported to mills in Sweden. 


Preset gauge control 


One of the first programming devices in the U.K. 
was the BISRA preset gauge control, installed at 
John Summers Shotton works, Cheshire, in 1951. 
Basic investigations showed that the strips leaving 
the finishing stands were consistently lighter in 
gauge at the front end. An analysis of the thickness 
trends along the strip showed that the taper was 
reasonably linear along its length and that it could 
therefore be compensated with a program of incre- 
mental screwdown corrections applied as the strip 
passes through the mill. 

The control sequence is set in operation by the 
strip entering the stand and operating a load relay 
in the main motor circuit. As soon as this relay is 
energized, a uniselector (stepping relay) is stepped 
by an interrupter on the stand drive motor shaft. 
‘The interrupter is so arranged that one pulse is gen- 
erated for every 36 ft of strip emerging from the 
stand. When the uniselector has rotated a set num 
ber of steps (corresponding to a preset length of 
material), the screwdown motors are started. The 
number of revolutions that they make is governed 
by a second interrupter coupled to the screwdown 
shaft, which operates a relay sequence to give the 
desired number of incremental correction steps of 
roll gap change (0.004 in. per step). After each pass 
the screws are reset to their original positions in 
preparation for the next strip. 


Remote position control 


A universal screwdown control system developed 
by BISRA was installed on a primary rolling mill 
in South Wales in 1956. This uses dc-energized 
potentiometers to determine screwdown position. 
The block diagram of the system, Figure 3, shows 
how simple it is. The desired signal and the position 
reference signal obtained from a potentiometer on 
the screwdown drive are compared in a cascade relay 
amplifier that uses two moving coil polarized relays 
to determine direction and speed range. Stabiliza 
tion by a combination of velocity and velocity 
squared feedback results in an overall system posi- 
tioning accuracy of plus or minus z'y in. in 30 in. 

The same system has been applied to a 200-ton 
forging press by BISRA to preset the closure of the 
press to allow for further movement of the crosshead 
from inertia after the hydraulic supply is cut off. 
When forging shafts, presetting controls can be set 








FIG. 4. Thickness readings from gamma ray gage (bottom 
are integrated over 1-sec intervals to get mean values, which 
are indicated successively by one light in each vertical row 
on indicator board to show thickness profile of strip being 
rolled. Middle row, on tolerance; adjacent rows, just in; out 
side rows, out of tolerance 


to give repetitive stroking at variable speeds. In this 
way, a 3-in. diameter shaft can be forged to within 
¢x in. without leaving marks of successive strokes. 

A more accurate system with a quicker response 
is manufactured by Davy-United. This has phase- 
sensitive 400-cps carrier amplifiers and no moving 
coil relays (the latter can give trouble under indus 
trial conditions), and can indicate press load. 


Radiation-thickness gages 


Certain companies (Baldwin Instrument Co., 
Ltd., of Dartford; Ekco Electronics, Ltd., of South- 
end Essex; and Isotope Developments, Ltd., in con 
junction with Davy-United) are concentrating on 
the Brehmsstrahlung gamma _ transmission gage, 
which covers the range 0.020-2.00 in. A typical in 
stallation by Baldwin is the one made recently at 
Steel, Peech & Tozer—a subsidiary of United Steel 
Cos., Ltd.—for use on their hot steel strip rolling 
mill. It enables the operator for the first time to 
assess visually the overall profile of the strip from 
the pictorial representation of the longitudinal thick- 
ness profile displayed on the board in Figure 4. 

The board has 48 vertical rows of five colored 
lamps. The middle one of the five indicates “on 
tolerance”, the two adjacent amber rows within 
tolerance, and the outer red rows “off tolerance”. 
The system has a 1-sec integrating period, which 
means that each vertical row represents the mean 
thickness of the strip passing through the gage dur 
ing that period. The system calibrates itself auto- 
matically between strips and provision is made for 
manual traversing. A teleprinter produces a per 
manent record in digital form. 


Width gauging 


Automatic width measurement permits closer con- 
trol of strip width and the reduction of wastage due 
to rolling oversize. Infrared width meters manu- 


factured by Davy-United and Evershed & Vignoles 
of London have been developed from work done by 
BISRA, and are claimed to be cheaper and more 
accurate than their U.S. counterparts. 

The systems consist mainly of two follower units, 
each indicating variations in position of the strip 
edge. These variations are summed algebraically, as 
shown in Figure 5, to give a net variation in width. 
In each of the follower units, two lead-sulfide cells 
pick up radiation from, respectively, the strip edge 
and a reference area adjacent to the edge. A servo 
system operates a movable shutter to balance the 
signal received from the strip edge against that re 
ceived by the reference cell, so that effects of trans 
verse temperature variations in the strip are canceled 
out and variations of cell sensitivity with tempera 
ture are minimized. The output of the followers is 
combined in magslips (synchros) connected to give 
width deviation from the desired value. 

This system, in use at The Steel Co. of Wales, 
is capable of an accuracy of plus or minus *s in. ove! 
a range of plus or minus 3 in. in the nominal width, 
which can be adjusted to production requirements. 


Work-performance recorder 


A multichannel punched-tape performance re 
corder designed by BISRA has been installed in a 
mill in South Wales to monitor 18 rolling mills and 
other heavy plant. Each order rolled is designated 
by an order number against which the running time, 
idle time, and stoppage time are recorded for every 
delay exceeding 1 min. The recorder has two “ac 
cumulators”, one recording running time and the 
other idle time. A “clock” delivers pulses every 3.6 
sec (1/1000 hour) which are routed to either of these 
accumulators by a relay on the mill, Figure 6. 

The operator has a set of pushbuttons, Figure 7 
for recording the code number of each order and 


FIG. 5. Width measurement system sums varia 
tions in both edges to find change in width 





FIG. 6. These ‘accumula 
tors” are the heart of BISRA 


works performance recorder. 

One records idle time, the 

g 4 other running time. Queue 
ing section at bottom right 


remembers orders received 
simultaneously, carries them 
out mm sequence 


FIG. 7. Pushbutton oper- 
ator’s station for works-per- 
formance recorder 





the stoppage code number. An “incident button” circuit comprising a number of wires equal to the 
is included in the control console for printout of | number of significant configurations of input data 

























the stored data and clearing the accumulators. As -—in fact, the function of the input section of the 
soon as the previous order in the sequence of op- translator is to identify each input state by a sep- 
erations on the mill has been cleared, idle time will arate wire. The output section may use several 
begin to accumulate in the idle-time accumulator. —_ uniselectors to identify the wire previously selected 
When a new order is received the code number is _ by the input section and these are wired so that 
set up, and as soon as rolling begins the time pulses __ they stop rotating at the step defined by the input 
are switched automatically to the tunning-time ac- state. ‘The remaining levels on the output uni- 
cumulator. The data is recorded on tapes and cards __ selectors are then used for switching drive contactors 
simultaneously and can be transcribed automatically | and providing various digitally coded references for 
and printed out on a standard teleprint page. Ad- position control. See Figure 8. 

ditional features of the installation: “queueing de- Although this system is complex because of the 
vice” for operation on up to 25 machines—if the interconnection wiring between the input and out- 
incident buttons of more than one machine are — put uniselectors, it lends itself to fully automatic 
pressed simultaneously the recorder reads out in mill operation and to the possibility of continuous 
sequence; a time switch, which permits accumulated optimization. For example, the measurement of 
totals to be read out at the end of each shift, leaving roll motor load can be used to alter the number of 
the order number or fault number unchanged. passes during rolling, while the ingot size and final 


bloom size can be scheduled from the office. 


> ’ . , 
Programming systems On receipt of the input data regarding ingot size, 


In their survey of practical programming systems, final bloom SiZe, and number of passes required, the 
BISRA concluded that punched-card techniques English Electric BISRA system specifies for each 
were too inflexible for British steel. The U.K. in- pass the screwdown setting, whether tilt is required, 
dustry needs extreme flexibility because, in a typical the rollhole setting, and the roll speed. With four 
mill, the length of run for any particular order may input switches, the operator can select the number 
be as short as 10 min. Metropolitan-Vickers and of passes from I-15, the choice of a - Or 74-ton 
English Electric are presently working with BISRA ingot, and the final S1Z€ of bloom from / by 9 to 12 
on program systems for future installations. by 16 in. in l-in. increments. From this data a 

The English Electric programming system in- program is selected by the motor-driven uniselectors 
corporates the BISRA “translator control” instead in the translator unit, which provides a 10-binary 


of punched cards or tape. This system has built-in digit output for screwdown position, a 1-in-5 selec- 
programs and automatic program selection. The tion of rollhole, and an on-off decision for tilt. Up 
translator is divided into three sections: input, link, to 150 programs can be built into the translator, 


and output. The input correlation section uses uni- which is so flexible that the program can be changed 
selectors (stepping relays) so connected that they while the billet is being rolled. ‘T elephone-switching 
rotate to find a position corresponding with each techniques are used instead of electronic methods to 
significant configuration (code) of input data. A assure reliability with simplicity and ease of main- 
uniselector wiper position is provided for each in- tenance by nonspecialist personnel. 


put configuration, and although the input configura- 
tion can be searched for simultaneously by a number 
of uniselectors, the unique position corresponding Following the same basic philosophy of providing 
to the input data will be found on only one. The the utmost flexibility is Metropolitan-Vicker’s 
link with the output uniselectors is via a correlation  punched-tape input system. In its simplest form the 


Another approach 


CONTROL 





ENGINEERING 


P Pass 
ale |Pr99 Pa ey bh nee ree Pos |Pr99 Seong | Prog. wy |Pro9 es we | 











°° ° ° °° °° lo of ° ° ° " eye 
oe * ng FS yy Pay ion Pel a ala oD Aa 





M-V system provides five programs of up to 20 
passes each and was intended for screwdown control 
only. But it can be expanded. A special tape reader 
was made from a high-speed motor uniselector by 
adding a suitably geared tape driving sprocket wheel 
and a photo-transistor reading head. Screwdown 
setting data is coded on a loop of tape, as shown in 
Figure 9. The motor uniselector contacts are wired 
in similar groups to a homing circuit, so that switch- 
ing the supply voltage from the first contact of one 
group to the first contact of the next group with a 
five-bank ratchet-type uniselector causes the tape 
to move one pass-pitch forward. The program switch 
selects one bank of the ratchet uniselector, which 
controls the position of the tape within the group 
of the data for one pass and can be operated at any 
time in the rolling schedule. 

The screwdown setting can be defined to an ac- 
curacy of 0.2 percent using nine binary digits. This 
is adequate for the blooming mill. The tenth hole 
is used as an “end of program” signal which auto- 
matically resets the tape reader and screwdowns to 
“standby” if less than the maximum number of 
passes is required. Operation of the master control 
button (Figure 10) causes the phototransistors to 
interrogate the tape. The digital information is 
converted to analog form by transistor-operated re- 
lays switching binary-weighted resistors in a con 
stant-current chain. The analog voltage is then used 
as a reference for the servos. When the servo error 
becomes zero, the control circuit uniselector is en- 





FIG. 8. This is a simplified illustration 
of the principles used in the BISRA 
translator control programming system 
showing the three basic sections—in 
put and output motor uniselectors, and 
correlation wiring. Output uniselector 
shown controls reversing contactors for 
] motor 


rheoct=t-setting 


ergized to step the tape reader homing circuit and 
the tape loop one pass-pitch forward ready for the 
next pass. ‘J’he tape preparation can be done on a 
standard teleprinter with the aid of a table giving 
screwdown settings in terms of teleprinter letters; 
duplicate tape readers are provided for utmost 
reliability. ‘To change the range of programs other 
tape loops are stored in cassettes. 

The tape-programming unit provides the posi 
tional reference signal for a remote positioning 
Ward-Leonard system, in which the generator split 
field excitation is controlled by a magnetic amplifier 
(Figure 11). By means of input signals to the mag- 
netic amplifier that combine the square root of the 
error signal and the relative velocity signal, the 
screwdown settings are reached in minimum time. 
The system is stabilized by transient motor voltage 
feedback and the overall accuracy of the system 
is plus or minus | part in 800. 


A LOOK AHEAD 


With these techniques available, what of the 
future from the steel industry and control manufac 
turers’ viewpoint? All the large steel producers (such 
as Stewarts & Lloyds, Ltd., United Steel Cos., Ltd., 
[he Steel Co. of Wales, Colvilles, Ltd., John Sum- 
mers & Sons, Ltd., and Dorman Long, Ltd.) have 
sophisticated control schemes under study, some in 
their own R&D departments and others in conjunc 
tion with BISRA. Typical are: 

> Study of optimizing the cutting of billets to var 
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FIG. 9. Punched-tape 
coding format used in 
Metropolitan - Vickers’ 
programming system. 





Two rows of holes or spaces 
are read at a time to define 
one screwdown setting 


‘ae poss pitch 


Movement of tapé between 


Position of Reading Head 
pass | and pass 2 program 2 


for pass | of program 2 


FIG. 10. Tape of Figure 9 is used in this system for pro- 
grammed screwdown control. Operation is described in text. 


FIG. 11. Screwdown actuator for programmer of Figure 10 is 
Ward-Leonard system using magnetic-amplifier field control 


ious lengths and computing for shrinkage and saw 
thickness. 

> Installation of a tape-program control for rolling 
mills, due to go into operation in 1958. 

> Automatic length cutter with an accuracy of 4 
in. in 60 ft, using infrared measuring heads, a pro 
grammed input device, and temperature-correction. 

> Optimization of mill performance where con- 
tinuous measurement of the parameters will weight 
a built-in program or compute its own program. 

P Development of radiation thickness gages for 
profile measurement of round bar and automatic 
transverse thickness measurement of strip. 

United Steel Cos., Ltd., heads the list of the 
major steel producers studying these problems. It is 
the first company in the world to apply cybernetics 

in its new Operational Research & Cybernetics 
Dept.—to the steel industry. ‘This department, run- 
ning at an annual cost of $300,000, solves problems 
in logic and is unfolding a philosophy of 
. Optimize the plant 
. Optimize the yield 
. Control the product 
to get away to a head-start. ‘This philosophy means 
the gradual adaptation of control devices to specific 
pieces of mill equipment rather than overall, for 
United Steel says that “before an overall system can 
be envisaged we must be able firstly to measure what 
we want reliably, and then display the results in 
the most suitable form for the operator to make 
effective control. Then from that stage on, with a 
knowledge of the parameters we can apply auto- 
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matic control.” Their view on electronic control 
gear is Shared by many firms. 

The lack of suitably trained maintenance men, 
still a real problem, will become even greater as more 
automatic control is installed. ‘Today, if the control 
system breaks down, the operator can run the mill 
manually, but what will happen in the next gen 
eration? United Steel likens the problem to that 
of the man used to an auto with an automatic gear- 
box who is confronted with the old-style gear lever. 

Reliability is improving now that control manu- 
facturers are appreciating that equipment built for 
military reliability won’t hold up under 24-hours-a 
day continuous operation for many years. During 
the 1946-50 era, however, when military equipment 
makers began entering the industrial field, there 
was no appreciation of these special problems. 

A. Asbury, chief engineer, Control & Electronics 
Dept. of English Electric, confirms this when he 
says, “The steel industry are now sympathetic co- 
operators in control systems.” As a control builder, 
Asbury’s view is that the installations of the past 
four or five years have paved the way for full auto 
matic control and it is now possible to control all 
sections of the mill electrically. The units that oper- 
ate as an entity will increase in size while the pro- 
gramming techniques will retain their flexibility. 

This approach, while less adventurous than the 
overall system approach, is held in Britain to be the 
right one—placing less of a strain on management 
and on the unions. There is no doubt that this is 
the way that control will advance in British steel. 





Guide to Costs of 


industrial 
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DATA FILE 


Temperature 
Measurement 


HOWARD R. KALBFLEISCH, New Hyde Park, N. Y. 


Selection of equipment for measuring or 
controlling temperature involves such factors 
as range and desired accuracy, the sensing ele 
ment to be used, and the type of systems under 
consideration. Each of these factors influences 
cost, and since more than one equipment ar- 
rangement may Satisfy particular system re 
quirements, it is important to determine which 
one costs the least. The tables that follow will 
guide selection of temperature measuring and 
controlling equipment according to cost. 

Table 1 shows the working range for com- 
mon temperature-sensing elements, and Table 
2 the cost of various instrument arrangements 
or control loops, based on direct-connected, 
pneumatic, and electronic systems. This latter 
table also relates cost to the element that can 
be used, and the expected limits of error. The 
diagram (Diag.) referred to here is shown on 
Table 3, which shows the instrumentation and 
contro] elements included in the pricing of a 
corresponding system in Table 2. 


FOLLOW THESE STEPS 
© Select in Table 2, columns A and B, all 
alternatives for temperature (or temperature 
range) to be measured or controlled. 
> Note in column C the limits of error (ac- 
curacy) for each alternative and choose the one 
most suitable to the application. 
> Move across the table from temperature 
range and accuracy to column D, which shows 
the costs of particular functions and then cor 
responding connection and components di 
agrams in Table 3. 

If the arrangement selected in this way is not 
satisfactory in cost, accuracy, sensing element, 


or type of system, then move to the right or 
left, up or down, to select a better one 


COSTING GROUND RULES 

The system costs shown in Table 2 reflect 
the use of high-quality equipment. Of course, 
additional features such as alarm contacts will 
increase costs. An example for a_ thermo 
couple-operated temperature indicator-control 
ler (Diag. 15), shown below Table 3, demon- 
strates how these costs were obtained. The 
prices are as of August 1957. 

The costs in Table 2 cover: 
‘Normal industrial temperature measurement 
SCTVICE. 
¢Single-point, panel-mounted recorder, min- 
iature size where applicable, otherwise conven 
tional or spring-driven. (Multipoint recording 
will reduce average cost per recorded point 
* T‘hermocouple; where used, it is 6 in. of 
B & S 24-gauge platinum-rhodium wire. Sub 
tract $55 for copper-constantan, iron constan 
tan, or chromel-alumel couple. 
* High-quality air- or electrically-operated 1-in. 
size valve. 
* Wiring or plastic tubing between sensing ele 
ment and instrument panel (100 ft), transmit 
ter and panel (100 ft), and panel and valve 
(100 ft). 
* Outlet box or air set for connecting to elec 
trical power lines or air supply. 

The costs do not include: 
- Installation or operation 
- Explosion-proofing 
* Special calibration 
Special materials for corrosion resistance 
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Table 1 
RANGES FOR TEMPERATURE-SENSING ELEMENTS 
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Table 3 ELEMENTS AND CIRCUITS 
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COSTING EXAMPLE 


The cost of the thermocouple-operated TIC of diagram 15 is $1,385; the breakdown follows: 


1 1-in. air-operated diaphragm valve $185 
1 6-in. platinum-rhodium couple and well assembly 75 
100 ft. of extension lead wire, (no conduit) 30 
1 indicating potentiometer controller with air control . proportional plus reset 

plus rate action . . . manual control panel 
100 ft. of plastic tubing 
1 air set, reducing regulator, filter and gage 
1 electrical power supply (outlet box, socket, etc.) 
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Management by “Analoging” 


Here is how a transfer function can be derived and used to determine the 


relationship between engineering effort and sales. 


Viewing the company as a 


servo system is a useful tool in planning other company activities, too. 


GORDON K. JOHNSON, Aeronautical Div., Minneapolis-Honeywell Regulator Co. 


Many companies whose products and _ services 
are of a technical nature have difficulty determining 
the amount and timing of engineering effort needed 
to support sales forecasts. The sales future of these 
companies is closely related to their engineering 
programs, and an understanding of this relationship 
is invaluable in optimizing engineering effort. The 
relationship can be studied by making an analogy 
between the company and a servomechanism. Engi- 
neering effort is the input to the system; sales is 
the output. Then the two quantities can be related 
by a transfer function, K(s). 

“Since some of these products suffer from high 
obsolescence rates and must be tailored to highly 
specialized requirements, their sales can be main- 
tained only by continuous modifications. ‘The 
rapidly developing avionics industry illustrates this 
well. For example, a system designed for a_par- 
ticular series of aircraft frequently must be rede- 
signed completely and refitted before it can be used 
in another series with similar characteristics. 

The key to satisfactory sales and economic produc- 
tion is a properly planned engineering program. Im- 
proper magnitude and timing of engineering effort 
for such products cause a highly variable production 
rate and consequently higher production costs. 


I. Definitions 

The first step in developing K(s)—relating engi- 
neering effort and sales—is to define the quantities 
so that existing data can be analyzed. Defining sales 
as the dollar value of products shipped avoids ac- 
counting difficulties associated with cancellations, 
billings, and adjustments for accounts receivable, 
and automatically weights various devices with re- 
spect to their engineering complexity. The definition 
has the disadvantage, however, of eliminating some 
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engineering effort from consideration: for example, 
design work on products which are never sold. 

This definition of sales forces the definition of 
engineering effort to include the activity only on 
those devices that finally sell. And those phases 
of effort that cannot be assigned to a specific device, 
system, or product are eliminated from the considera 
tion in the term “engineering effort”. Examples in 
clude research and production engineering. 

But these activities cannot be neglected. Though 
their inclusion in the engineering-sales relationship 
would complicate the transfer function and make 
it difficult, if not impossible, to define the behavior 
of the organization in mathematical terms, they 
should be investigated separately. 


II. Analyzing historical data 


Before the transfer function can be expressed 
mathematically, typical engineering effort and the 
corresponding sales must be defined. This was done 
by studying historical data on devices sold over an 
eight-year span. The engineering effort and sales 
data for each device were tabulated on a calendar 
year basis. To obtain a curve representing a typical 
engineering effort and the corresponding sales, all 
sets of data were shifted in time so that the peak 
engineering effort coincided for all products. The 
curves for three of the products are shown in Fig 
ure 2. 

Typical engineering effort and sales curves were 
obtained from this composite of repositioned curves 
by computing the geometrical means of all engineer 
ing effort curves and all sales curves, respectively 
The resulting typical curves are shown in Figure 3. 
These computed curves represent a typical input 
with a corresponding typical output. With this 
information, a transfer function can be derived. 





ENGINEERING 
EFFORT 


Ill. Deriving the transfer function 


The transfer function is the ratio of the Laplace 
transform of the output to that of the input. 


E(t) dt 
Y(t) dt 
where K(s) = transfer function; E,(t) — sales out- 
put; and E(t) = engineering input. 

To avoid difficulties in working with the transfer 
function, E(t) is shifted in time so that E,(t) and 
F,(t) reach nonzero values at the same time. This 
eliminates the consideration of a system with a 
constant time delay and makes it easier to trans- 
form from the t plane to the s plane and back 
again. Shifting the output in time before the trans- 
fer function is derived merely means that subse- 
quent use of the transfer function will yield answers 
that have been shifted in time by the same amount. 
An opposite time-shift corrects the answers. 

Before Equation 1 can be used to obtain a transfer 
function from the curves of Figure 3, analytical ap- 
proximations must be made for E,(t) and E,(t). 

Fourth-degree polynomials developed by means of 
a least-squares fit have sufficient accuracy for this 
study. Polynomials simplify the evaluation of the 
integrals of Equation 1 and the subsequent use of 
the transfer function, but they limit the time span 
over which the transfer function is valid. If the 
polynomials are fitted over the entire time span of 
interest, this approximation causes no difficulty. By 
using fourth-degree polynomials, the transfer func- 
tion, K(s), was reduced to the form: 


ast + ays? + ans? + 08 +a _ P(s) 


K®@)- ati tivtietsh Oo ™ 


FIG. 2. Engineering effort ang sales curves for three products 
and had four positive poles. The transform of a 
sales response, O(s), to an arbitrary engineering in 
put, I(t), can now be obtained by multiplying the 
transfer function by the transform of the input: 


co 
O(s) = Ko f e~*] (t) dt 


The engineering input, I(t), was approximated with 
a polynomial of fourth degree. ‘Thus, 


I(t) = co + cyt + cot? + cst? + cyt 


and its transform 


1 ‘ ; " 

I(s) = = (24c4 + 6Cae + 2,8? + 18° + Cos 5 

From Equation 3, O(s) then becomes a rational 

function of s with a multiple pole of order 5 at zero, 

plus the same four positive poles of the transfer 
function. 


I(s) . P(s) (24ce, +..." + cos*) (8 : 
ical ale #Q(s ™ 
The partial fraction expansion of O(s) is expressed: 
A B C D E , F#+Gs*+Hs+J ” 
—s s + + s§ +3 *e * ()(s) “ 
From the theory of the statistical design of pre 
dictors, the last term of this expression can be dis 
carded because it contains only positive poles. ‘The 
time span for errors thus introduced is short, while 
the time span of historical data considered in the 
use of the transfer function is relatively long. ‘The 
fact that this term can be discarded greatly simplifies 
programming the procedure for a digital computer. 
Solving for the constant of Equation 7 


rr x (24a,d,) 


be + (Ga.cs + 24a;c, — Abs) 
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E;(t) - (engineering 
efforr) a 


oda ic (Zac. + Gaye; + 24axcy — Ab, — Bh,) (10) 


D = 2 (oC, + Qaics + 6aec3 + 24asc, 
bo - ik ~~) 1D 


E = ; (AoCo + aye, + Za2c2 + Gascs + Vhaye, 

Yo —A bg _ Bb; _ Che - Db;) (12) 
O(t) can now be expressed in terms of these con- 
stants. Finding the inverse transform of O(s) with 
the last term discarded, O(t) becomes 

, Ct Be Att 

) = FE ae A, | : 

Wa Sth += +o + a 

Using Equations § through 12, the coefficients of 

the fourth-degree polynomial representing the de- 

sired output, O(t), become functions of the coefh- 

cients of Equations 2 and 4, the transfer function 
and the polynomial approximation to the input. 


(13) 


IV. Using the results 


The entire computational procedure can (and has 
been) programmed for an IBM 650. In combining 
a polynomial least-squares fit program with a pro- 
gram for the coefficients of Equations 13 and a 
polynomial evaluation routine, only the magnitude 
of engineering effort for each unit of time, along 
with the coefficients of the transfer function, must 
be given to the digital computer. ‘The computer 
then computes the corresponding output for each 
unit of time. The sales output of the program must 
then be shifted in time, as has been discussed, to 
get the sales per year for corresponding engineering 
effort. ‘Total computation time is approximately 4 
min per problem. The program is general enough 
to be used for similar problems. 

The engineering effort determined by the transfer 
function is defined as “effective design and develop- 
ment engineering”. Before the transfer function 
can be used to plan the total engineering program, 
the relation of total engineering to effective design 
and development engineering must be known. It 
was found from historical data that the ratio of these 
quantities increased each year along an 82.5-percent 
learning curve. The total engineering program at 
any given time can now be determined from engi- 
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—E(t)- (soles) 


FIG. 3. Typical engineering effort 


and the corresponding sales 


neering effort, as defined for the transfer function 
analysis. 

To check the validity of this transfer function, a 
comparison is made between actual past sales and 
computed past sales based on recorded total engi- 
neering effort. ‘The deviation between the two sets 
of data is found to be less than 5 percent. 


V. Extending the analogy 

The transfer function analogy can also assist in 
an understanding of the amount and timing of engi- 
neering effort needed to meet sales forecasts. Con- 
sider expected or desired sales as the input to a sys- 
tem and the engineering effort as the output. The 
transfer function for this new system is the reciprocal 
of the transfer function derived above. Then for a 
given sales forecast, the amount and timing of engi- 
neering effort needed to support these sales can be 
computed and used to make decisions on hiring pro- 
grams and facility plans. A sales forecast not based 
on a carefully supported engineering program can 
lead to difficulties. The transfer function provides 
a cross check on sales forecasts, exposing those that 
are too high or are not properly timed for the engi 
neering program. 

One logical extension of its application is to 
derivations of separate transfer functions for each 
product line. Combining these with the proper con- 
ditional relationships gives management a powerful 
aid in finding an optimum mix of product lines. 

It also appears feasible to use transfer functions 
to relate sales to other planning variables, such as 
capital expenditures, production manpower, produc- 
tion engineering, and research. 
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PHOTOMETRIC 
STREAM ANALYZERS — 


versatile instruments for measuring composition 


The term photometric analyzer covers ultraviolet and infrared analyzers, 
colorimeters, and refractometers. Author Glasser begins by taking a broad 
look at the applications of all these instruments, describing their fundamentals 
and suggesting how to select them, and then gets down to the details of one 
type—ultraviolet analyzers. Here he covers the basics of operation, describes 
commercially available instruments, and shows how to achieve selectivity and 
sensitivity. One table lists liquids and gases that can be measured with 
ultraviolet; another lists those that cannot be detected with ultraviolet and 
whose presence in the sample does not therefore constitute interferences. 

Next month the discussion of photometric analyzers continues with 
du Pont’s Dan Troy writing about infrared analyzers. 


LEO G. GLASSER 
Engineering Research Laboratory, 
E. |. du Pont de Nemours & Co., Inc. 


Before examining the three photometri 
inalysis techniques it is important to de- 
fine, at least broadly, the application areas 
Later in this article the 
ipplication details of the ultraviolet an 
ilyzer and the specific materials it can 
analyze will be discussed. Subsequent 
irticles will treat infrared analyzers and 
refractometers in the way 

Two important analyzer criteria are sen 
sitivity and selectivity. Many 
ibsorb ultraviolet radiation at 
monochromatic wavelength, and in a mix 
ture of several components it is not too 
easy to determine whether a change in ab 
sorbance is due to a change in concentra 
tion of one component or another. Fur 
thermore, ultraviolet absorptions of most 
materials characteristically occur in broad 
bands of wavelengths and the bands for 
several materials in a mixture may overlap 
each other. On the other hand, a sub- 
stance subjected to infrared radiation ab 
sorbs it at one or more distinct narrow 
bands of wavelengths, and different ma 
terials have distinctive infrared absorption 
patterns. Thus, the adaptation of an ana 
lyzer to respond to a single substance in 
a mixture is relatively dificult with ultra 
violet and easy with infrared. 

But while infrared analyzers are more 
than ultraviolet analyzers, the 
opposite, generally speaking, is true for 
sensitivity. One reason for this is that the 


of each type 


Same 


substances 
a specific 


1 
selective 


absorption of a substance at the wave 
length where it is strongest is more in- 
tense than the absorption of that sub 
stance at any infrared wavelength. 


Ultraviolet analyzers 


Ultraviolet analyzers find their greatest 
application in gases and liquids, but have 
been used to a limited extent on 
Available types can be applied to 

® measuring broad or exceedingly narrow 
ranges of concentration; 

> operating at visible and 
near-visible wavelengths only, or at these 
and ultraviolet wavelengths down to the 
limit where oxygen begins to absorb; 

> analyzing with broad (continuous) or 
narrow (monochromatic) bands of radia 
tion; all with a variety of sampling and 
electronic arrangements 

An ultraviolet analyzer is generally pre 
ferred over an infrared analyzer, when 
either might be used, for these reasons 
most ultraviolet analyzers are simpler in 
design, require less maintenance, and have 
higher sensitivity than infrared instru 
ments. The best ultraviolet analyzers de- 
tect concentration changes (sensitivity) as 
small as a few parts per billion and are 
restricted mainly by variations in concen- 
tration of unsuspected contaminants. An 
ilyzers normally have a linear response to 
changes in gas density so that large flu 
tuations of temperature and pressure ap- 
pear as errors in measured concentration. 
This difficulty is not so pronounced with 
liquid samples, 

Like other analyzers, ultraviolet an- 
alyzers are useful only when a change in 
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the applicability of infrared analyzers can 
only be predicted after a complete qualita- 
tive and quantitative analysis of the proc 
ess stream and with the help of absorption 
spectra of all the constituents. This tech- 
nique is tedious and inaccurate when ap- 
plied to self-filtering analyzers, and for- 
tunately for users of these analyzers, 
sufficient experience has accumulated so 
that performance can be safely predicted 
for the more commonplace molecules. For 
more esoteric samples the applicability of 
infrared can be tested: most manufacturers 
can empirically sensitize and calibrate their 
analyzers for representative samples. 

he sensitivity of an infrared analyzer 
is as small as 10 ppm. By special tech- 
niques, such as compressing the sample 
and using unusually long sample cells, 
higher sensitivity can be achieved (with, 
however, reduced selectivity). Sensitivity 
is limited basically by physical considera- 
tions—infrared absorption by sample mole- 
cules are just not strong enough to make 
much more sensitivity possible. 

The outstanding feature of an infrared 


inalyzer is its selectivity. All chemical 
compounds absorb infrared wavelengths, 
and the absorptions occur in discrete and 
narrow bands. Furthermore, the infrared 
spectrum is much wider than the ultra- 
violet spectrum, thus leaving room for and 
encompassing more absorption bands. Al- 
most any liquid or gas sample can be 
analyzed by the infrared technique if the 
sensitivity requirement is not too high. 


Refractometers 


All commercially available 
stream refractometers have been designed 
specifically for use on liquid streams— 
though they have some limited applica- 
bility to gas mixtures. Broadly speaking, 
there are two types: one transmits a beam 
of light through a relatively clear (non- 
turbid) sample and has high sensitivity; 
the other, of lower sensitivity, reflects a 
light beam from the sample and can be 
used with either’ clear or murky solutions. 

A refractometer is preferred for analyz- 
ing a binary-liquid mixture when the mini 
mum range-of-concentration variation is 


proc CSS- 





TABLE 1—WHAT PHOTOMETRIC ANALYZERS CAN 
DO FOR YOUR PROCESS 


¢ RECORD THE CONCENTRATION OF A COMPONENT OF A PROCESS 


STREAM 


Concentration recording is valuable not only during in-plant operation but also 
while the process design is being optimized. The concentration of a class of com- 
pounds as well as the concentration ratio of two components can be measured and 


recorded. 


e CONTROL THI 


CONCENTRATION OIF 


ONE COMPONENT 


A chemical process may be controlled by regulating the feed rate of reactants to 
maintain constant liquid or off-gas composition in a reactor. This technique may 
be extended to control a class of compounds or the ratio of two components. 

¢ DETECT IMPURITIES OR CONTAMINANTS IN RAW MATERIALS 

High-speed analyzers in many cases protect the process from catalyst poisons and 
other contaminants resulting from continuous feed of reactants. They work much 
faster than wet-chemicals testing of grab samples in a control laboratory 

e MEASURE PURITY OF PRODUCT OR RAW MATERIALS 

Here the active-ingredient concentration, rather than the contaminant, is meas- 
ured. Product purity affords another basis for automatic process control: a photo- 
metric analyzer controls the process of washing a solid product to remove a solvent, 
making sure that the washing is adequate but does not waste valuable water. The 
quality to be measured here could be the impurity content of the wash water, from 
which measurement product purity may be inferred. 


¢ DETECT TOXIC AND FLAMMABLE VAPORS 


The danger of exceeding the lower explosive limit (LEL 


of solvent vapors or 


the toxicity threshold for sustained exposure to toxic vapors is eliminated when a 
continuous analyzer signals the approach of such conditions. And since these ana- 
lyzers also accurately control the rate of air dilution, vapor concentration can be 
maintained at a safe fraction of the LEL and costly excess-air pumping and aspirating 


facilities avoided. 
eDETERMINE THI 
PROCESS STEP 


YIELD OR 


DEGREE OF 


CONVERSION OF A 


he operation of a scrubber, extractor, condenser, sparger, etc., can be optimized 
by means of continuously available information about the chemical composition 
within the reactor or in the process effluent. 


eCHECK AIR AND STREAMS 
WASTES 


FOR 


POLLUTION BY INDUSTRIAI 


The high sensitivity and selectivity of analyzers make possible the prompt detec 
tion of process upsets, condenser leaks, and other causes of pollution. Valuable prod- 


ucts and reactants might thereby be saved. 
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not less than about 0.4 percent. Broader 
ranges are more easily handled. Violent 
temperature or pressure fluctuations of the 
sample produce inaccurate composition 
readings and require accessory equipment 
to stabilize these variables to maintain 
accuracy. 

Refractometers are only useful, of course, 
when the changes in composition of the 
process stream produce a comparable 
change in refractive index of the solution. 
The correlation between refractive index 
and chemical composition must be unique 
and unambiguous, a situation that holds 
only for samples that behave as binary 
mixtures. Such simple mixtures are fre- 
quently encountered. Furthermore, multi- 
component mixtures frequently behave as 
binary mixtures—all but one of the com 
ponents have the same refractive index 
value, or two components vary in con- 
centration in a complementary way, one 
increasing at the expense of the other 
while the concentration of the remaining 
components is constant. 

The uniqueness of calibration can be 
checked in three ways: empirically, with 

refractometer installed in the plant on a 
trial basis; in a laboratory, on grab samples 
representing the extremes normally en- 
countered in the composition of the proc- 
ess stream; or with synthesized samples 
representing definitely-known normal and 
extreme compositions. Prior experience, 
information from the various handbooks 
of refractive index values, and formulas 
for estimating refractive index values may 
be applied when the stream composition 
and its expected variation are known. 


Analyzer advantages 


Photometric analyzers provide more a‘ 
curate information, with less time delay 
ind at lower cost, than traditional labora 
tory instruments. Plant operators and con 
trol chemists no longer need to perform 
frequent and routine titrations and other 
analyses: automatic analyzers free them 
for such things as complex analyses, for 
which automatic instruments are not yet 
available 

The main advantages of the photometric 
analyzers, then, are their versatility and 
their relatively small costs of purchase, 
operation, and maintenance. Analyzer ver- 
satility is well-known: a variety of time- 
tested instruments is available, and at least 
one can be selected for any job with a 
ininimum of uncertainty about its per- 
formance. Of course, several other types 
of analyzers are preferred over photometric 
analyzers for certain applications, such as 
the electrolytic hygrometer for trace-mois 
ture determinations and mass spectrom- 
eters and gas-chromatographic analyzers 
for rapid-sequence analysis of several com- 
ponents in a mixture. Of particular im- 
port, however, is the sustained good per- 
formance these analyzers provide, even 
when operated at high sensitivity. They 
can accurately record composition, often 
for month after month, rapidly and with- 
out attention or adjustment 





ULTRAVIOLET ANALYZERS 


The concentration of an ultraviolet absorbing 
material in a mixture of nonabsorbing materials can 
be readily determined, because concentration is di 
rectly related to the amount of absorbed ultraviolet 
radiation passing through the mixture. Automatic 
ultraviolet analyzers for process-stream applications 
quantitatively examine a sample component after 
it has been qualitatively identified in the laboratory. 
The analyzers considered in this article operate in 
the wavelength region from about 200 to 1,200 mp 
(millimicrons) which includes the ultraviolet, visible, 
and near infrared wavelengths. Because they en 
compass such a broad range of wavelengths, they 
usually are called photoelectric analyzers. 

Figure | shows the basic elements of a single-beam 
ultraviolet analyzer. A lamp source emits ultraviolet 
radiation, which is transmitted through a cell 
(equipped with transparent windows) that contains 
the liquid or gas sample. A detector measures the 
unabsorbed radiation. Such an instrument not only 
indicates concentration, however; it also indicates 
spurious concentration changes when the source 
intensity varies or the voltage applied to the detector 
changes. ‘Therefore, all but the most elementary 
applications require more refined designs, some of 
which employ variations of the double-beam prin 
ciple to be discussed later. 


ANALYSIS BASICS 


The absorbance of a sample is directly proportional 
to: 

P b, the length of the sample in cm 

>, the concentration of the detected component 
in moles/liter 

Pa, the absorptivity of the detected component, 
where absorptivity is the absorbance at a discrete 
wavelength when the cell length is 1 cm and the 
concentration is 1 mole/liter. The absorbance is: 

A = abc (1) 
and its measurement would give a linear reading of 
concentration. 

However, none of the commercially available an 
alyzers measures A. All, rather, measure the trans 
mittance T, the ratio of energy emerging from the 
sample to the energy incident upon it: 

T Pe/Po (2) 
The elementary analyzer described above measures 
only Pe and assumes that Po is constant or can be 
maintained so. 

The relationship between absorbance and trans 
mittance 1s: 

A = logyol/1 abc (Beer's Law) (3) 

Inherent in transmittance measurement, or in the 
resulting logarithmic relationship between T and c, 
is an error due to nonlinear calibration. However, 
a series expansion of Equation 3 shows that over a 
small absorbance range the concentration is essen 
tially proportional to radiation absorption (1—T): 

A = (1—T) = 2.303 abc (4) 


Operation within this small absorbance range assures 
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FIG. 1. Single-beam elementary ultraviolet analyz 
ple absorbs source energy as a function of sam 











FIG. 2. A dual-beam analyzer operating on th 


lance principle provides stability 


I sensitivity, and 


reasonable accuracy without the need to correct fot 
calibration error in the nonlinear relationship 

In the common 0.04 absorbance range, the radia 
tion-absorption-measuring analyzer does not depart 
from calibration more than 1 percent of full-scale 
concentration from the best-fitting straight line. This 
can be considered negligible. For an absorbance 
range as high as 0.2 the maximum fitted error is 
about 7 percent. At high absorbance ranges, a cali 
bration chart at the recorder can reduce inaccuracies 
due to the nonlinear calibration, or the recorder can 
be trimmed to rectify the curvature. Linear calibra 
tions thus can be achieved for absorbance ranges 
about as high as 1.0. For still broader absorbance 
ranges other steps must be taken to achieve linearity. 
One of these involves a logarithimic responding pho 
tometric circuit, but is not produced commercially 


Double-beam analyzer 


\ schematic diagram of a double-beam analyze 
developed at du Pont’s Engineering Research Lab 
oratory for accurate and sensitive operation over even 
narrow concentration ranges is shown in Figure 2 
Many refinements are incorporated here to afford 
sustained and stable operation. ‘The two detecting 
phototubes are aligned in such a way with a thinly 
metallized semitransparent mirror that both see just 


the same area of the ultraviolet source. ‘Thus, direc 
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tional changes in the output of the source affect 
both beams in the same proportion and produce no 
spurious concentration readings. Gas discharge lamps 
(such as mercury arcs) that emit energy of a few 
monochromatic wavelengths are customary sources, 
along with combinations of optical filters that trans- 
init one chosen wavelength suitable for the sample. 

The usual circuit directly reads the ratio of the 
intensities falling on the two detectors and there- 
fore measures T. ‘The rebalance amplifier and motor 
null-balances the two intensities for better stability 
by positioning the measuring light gate to make the 
intensity of the analytical light beam equal the in- 
tensity of the reference beam. The position of the 
indicator diai attached to the light gate represents 
the measured concentration. A retransmitting slide 
wire also connected to the light gate simultaneously 
transmits this reading to a recording potentiometer. 

Of particular significance is the not-so-obvious fact 
that this layout adapts to a wide variety of modifica- 
tions and accessories so often essential. 

Among the other available double-beam analyzers 
is the one developed by Phillips Petroleum Co. 
which employs an ingenious radiation chopping ar- 
rangement, to sensitize it only to short wavelengths 
in a band near 240 mp. 


ACHIEVING SELECTIVITY 


Selectivity is a must in the analyzer—without it, 
there is no way of assuring that the instrument will 
respond only to concentration changes of a_par- 
ticular component. Spurious readings result from 
interferences from several sources: other sample com- 
ponents (perhaps unsuspected, and therefore un 
compensated) that also absorb the wavelength 
provided in the analyzer; deposits of light-scattering 
mists, solids, or other fouling agents on the windows 
of the sample cell; and such externals as temperature- 
sensitive phototubes, lamp aging, dust deposits on 
the optics, etc. All of these can be accommodated, 
and for high-sensitivity operation they must be. 

Like many other analyzers, the ultraviolet process- 
stream instruments are inferential. That 1s, they 
have no inherent power to discriminate between 
various molecular species. And for many applica- 
tions they represent methods that are so much more 


TABLE 2 
TYPi'CAL MONOCHROMATIC WAVELENGTHS AND 
THE SOURCES USED TO PRODUCE THEM 





WAVE LENGTH, 
“ 

£28 Philips Cd UV 
238, Hanovia Alpine Sun Lamp 
254 Low pressure Hg, such as Type G4/T4* 
255, , 289, 297, 302 Type CH3*, high-pressure Hg 
313, , 365, 391, Type S4*, medium pressure Hg 
405, , 546, 578 
326, , 347, 361, Type FH4* HgCd lamps or 
468, , 509 Philips Cd lamp 

* These types of lamps are available from several suppliers, including 
General Electric, Sylvania, and Westinghouse. 


TYPE OF LAMP 
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Wovelength 
FIG. 3. Absorbance characteristics of sulfur dioxide 
and chlorine at a concentration of 10 percent by 
volume (each component) in air at 27 deg C in a 
l-cm long cell. 


sensitive than any previously used that it has been 
a major problem to find adequate means for ng 
brating them. These and other problems make i 
necessary to build safeguards into the analyzers 
make sure that they will selectively read just the 
concentration of the desired component. 

Selectivity is enhanced in a variety of ways, several 
of which may be used simultaneously: 

> choosing wavelengths 

> designing sample cells 

> treating samples 


Choosing wavelengths 


Selecting the appropriate wavelength consistent 
with sample composition is basic to achieving desired 
response in the analyzer. ‘Though tungsten lamps, 
hydrogen arcs, and other continuous (broad-band 
radiation sources used with interference filters can 
all be used for this selection, best results are ob 
tained with highly monochromatic radiations of the 
atomic spectra of gas discharge lamps. Some of these 
monochromatic wavelengths and their sources are 
listed in Table 2. Once obtained, they can be selected 
by optical interference filters. 

For highest sensitivity, the analyzer should be op- 
erated at the wavelength where the desired com- 
ponent has its absorbance peak, an arrangement sel- 
dom possible except for the simplest samples. ‘This 
wavelength might lead the engineer to specify an 
impré actically thin cell; he mi iy also find that another 
sample component—present in high concentration— 
has a strong absorptivity at the same wavelength. In 
nearly all applications a compromise wavelength is 
chosen; it might be the wavelength of a subsidiary 
peak of the measured component where shadephally 
is less. 

With luck, the compromise avoids interference by 
other constituents. For example, in an analyzer for 





detecting acetone (or other ketones) in the presence 
of benzene, a suitable compromise wavelength is 
313 mp. Although more sensitivity is possible at 
254 mp, the aromatic hydrocarbons interfere there. 
This compromise wavelength, however is _partic- 
ularly beneficial if the sample is in liquid phase. 
With an acetone concentration of several percent, 
and 313 mp or longer, a longer cell can be used to 
maintain equivalent absorbance. And the longer the 
cell, the more accurately its length can be reproduced 
after it has been disassembled for cleaning. 

Figure 3 shows how the absorption spectra of 10 
percent concentration of gaseous sulfur dioxide and 
chlorine occur at well-separated wavelengths. Chlo- 
tine can be analyzed near its peak at 334 my because 
the absorbance ratio of Clz to SO, is quite large at 
that wavelength. But sulfur dioxide has to be an 
alyzed at a wavelength short of its peak (265 mz) 
to obtain a sensitive ratio. When the sulfur dioxide 
concentration is greater than that of chlorine, the 
chlorine measurement must be made at a longer 
wavelength, such as 365 my. 

In analyzing with broad bands of radiation from 
a hydrogen arc or a tungsten lamp with optical filters 
as the source, the selected wavelength should be one 
at which absorptivity changes gradually. If such an 
analyzer is operated on the steeply-sloping side of an 
absorption band, nonlinearity is introduced into 
the calibration and the response is noisy. Non- 
linearity occurs because the wavelengths of higher 
absorptivity are preferentially attenuated as the con- 
centration increases; the average wavelength of the 
radiation band in the analyzer thus changes and the 
absorptivity varies with absorbance. The noise oc- 
curs in high-sensitivity applications because variation 
in sample temperature and pressure cause the edge 
of the absorption band to shift accordingly. In most 
cases this is less severe in the ultraviolet. 


Sample cells 


Another interference that frequently causes spu 
rious concentration readings is the accumulation of 
dirt and dust (fouling) on sample-cell windows 
Precautions against this should be taken by filtering 
dust and mist out of the sample and by sealing the 
instrument case from airborne materials. 

In many cases elevated temperature can be used 
to minimize fouling problems. Mists in vapor sam 
ples and undissolved solids in liquid samples should 
be treated this way. The sample cell in the analyzer 
must be maintained as hot as the sample to prevent 
condensation. Sometimes, the vapor to be detected 
is soluble in the liquid phase of a mist, and a cyclone 
separator removing the mist would also remove a 
variable amount of the constituent to be determined. 
In such cases, complete vaporization of the sample 
is essential to achieving accurate analyses. 

In spite of elaborate precautions, however, window 
fouling occurs. Most responsible are hydrocarbon 


samples, which produce tarry or waxy residues and 
aqueous samples, which yield hazy precipitates of 
minerals and other materials. This fouling produces 
a drift in the zero of the analyzer, which in most 
cases can be eliminated by using a one-wavelength 
double-beam analyzer with a sample cell in each 
beam. The windows foul equally, and if the response 
of the detectors is proportional to the ratio (not the 
difference) of the two intensities, then equal fouling 
in each beam has no effect on the analyzer reading. 
The analyzer is equipped with one thin compensat 
ing cell and one of normal thickness plus the thick- 
ness of the compensating cell. The same sample 
stream flows through both cells. The sensitivity of 
the analyzer is proportional to the difference in 
thickness of the two cells. 

In some cases, a wavelength that is unique for the 
desired component cannot be found. A two-wave- 
length technique then may be used. When a 
single, unique wavelength where sensitivity is suf- 
ficient cannot be found, then an otherwise suitable 
wavelength where interference occurs is accepted, 
and interference is compensated by equal absorbance 
at the reference wavelength. 

Consider again the analysis for sulfur dioxide in 
the presence of large amounts of chlorine and 
diluent, such as air. If the amount of chlorine de- 
picted in Figure 3 were 80 percent, determination 
of SOs pairs by measuring absorption of 
297 mp» would be strongly influenced by variations 
in chlorine concentration and by variations in total 
gas pressure. ‘The absorption spectra of these mate- 
rials (Figure 3) reveal no wavelength at which sulfur 
dioxide alone absorbs. If the response of each photo- 
tube in a double-beam analyzer is linear in absorb- 
ance units, or if the pair of phototubes are connected 
to measure the ratio (not the difference) of two 
intensities, then the reference wavelength is selected 
as one where the interference effect has the same 
magnitude as it does at the analysis wavelength. An 
analyzer, Figure 4, with a cell in each beam and dif- 
ferent wavelength in each beam is employed. 

In Figure 3, the logical choice of the analysis 
wav elength is 297 my, since this is a readily available 
wavelength and one that is near the absorbance 
peak of the component to be detected. The absorb 
ance of chlorine at this wavelength is 0.16. The 
reference wavelength must now be found at which 


Sample 
inlet 
_—— > 


Measuring 
beam 


Lompensating 


FIG. 4. Two-wavelength, two-cell analyzer for interference 
elimination. The construction is similar to that of Figure 2, 
except that each beam is of a different wavelength, due to 
selection of source wavelengths by 


interference filters 





chlorine gives the same absorbance. The best avail- 
able wavelength in this case is 365 mp, at which 
the absorbance is 0.15. But to eliminate the chlorine 
interference completely requires that the latter ab- 
sorbance also be 0.16. This can be done by increas- 
ing the length of the reference cell to increase its 
absorbance. In this case, the reference cell should 
be 0.16/0.15 or 1.067 times as long as the analysis 
cell. 


Sample treatment 


Additional selectivity in analysis often can be 
achieved by physical or chemical treatment of the 
sample. Chemical treatment converts certain mate- 
rials, otherwise transparent, into readily detectable 
materials. An example is the anthraquinone-oxygen 
color-forming reaction for estimating oxygen in boiler 
feed water and other solvents. (The reacted sample 
is then analyzed at visible wavelengths.) Any one of 
the many familiar laboratory methods of colorimetric 
analysis can be automated and applied to process 
streams. Detection of traces of phosgene for air 
pollution control, a good example of this technique, 
is accomplished with the analyzer shown in Figure 
5, which monitors eight points in a plant in sequence. 

But though chemical pretreatment greatly in- 
creases the versatility of the basic analyzer, it also 
increases its response time—from not more than a 
few seconds to about 4 min to 5 min or more. 

Physical pretreatment methods do not always 


lengthen the response time this much. A variety of 
techniques including sparging, scrubbing, enhance- 


ment, dissolving, vaporizing, and so on, can be 
employed; the analyzer engineer must select the 
one to suit individual process requirements. Mixed 
vapors, for example, may be passed through a liquid 
in which the component to be detected is strongly 
soluble and the interfering material is weakly soluble. 
The resulting solution contains the desired com- 
ponent at enhanced concentration and density. The 
concentration of chlorine in a slurry may be deter- 
mined by sparging the slurry with nitrogen or air 
that picks up an equilibrium chlorine content. Pos- 
sibilities along these lines are almost without limit; 
ideas from many sciences may be employed. 


SENSITIVITY CONSIDERATION 


The nominal sensitivity for an ultraviolet analyzer 
depends on the design. Sensitivity is not always 
explicitly stated or readily calculable for a specific 
molecular species. And the applications that pose 
problems for the engineer are often those in which 
sensitivity must be lower (broader measurable con- 
centration range or span) or higher (narrower span) 
than the analyzer’s nominal value. 

Familiarity with techniques for adjusting sensi- 
tivity span will facilitate handling the variety of prob- 
lems to which analyzers can be applied. Some ideas 
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FIG. 5. Automatic photoelectric analyzer 
for trace detection of phosgene in ait 


for increasing this span (reducing sensitivity) have 
been discussed in relation to selection of wavelength 
and cell-length. A large concentration produces the 
same absorbance in a thin cell as does a small con- 
centration in a longer cell. A thinner cell is used, 
therefore, when a broader concentration range is 
required. But cell-thickness reduction. can be car- 
ried to the point where the cell impedes the flow of 
the sample or where suspended solids plug the thin 
cell. Gases, with density much less than liquids, 
usually present no problem. For the lower-viscosity 
liquids, like water and most solvents, cell thickness 
is limited to about 0.001 in. The higher the viscosity, 
the greater the thickness, and at this extreme, too, 
passage of the sample can be impeded. But here 
pumps can be used to force the sample through. The 
minimum limiting thickness, even for very viscous 
liquids, still is only a few thousandths of an inch. 
If a thin cell proves insufficient, there are other 
ways to increase the span to meet range require- 
ments. One, frequently used but sometimes risky, is 
to shift the wavelength to a point of suitably weak 
absorptivity. High concentrations of chlorine gas 
can be analyzed at 436 my and longer way elengths, 
although much higher sensitivity is “available at 334 
my. A still broader span might be obtained by using 
254 mp, but here interferences by other com- 
ponents get increasingly strong and numerous. 
There are still more drastic measures for increas- 
ing span. In analyzing for a very strong absorber, 
such as furfural, the sample can be continuously 
and quantitatively diluted. Conventional flow con 
trollers maintain the dilution ratio at a constant 





valuc, but inaccuracies and high maintenance re- 
quirements make this technique a last resort. 

It may be preferable to provide an electronic cir- 
cuit of lower sensitivity. But here other factors begin 
to become important. Beer’s law logarithmic curva- 
ture of the calibration, for example, gets excessive 
as absorption approaches 100 percent and stray light 
of unabsorbed wavelengths introduces still further 
(and sometimes variable) nonlinearity into the cali- 
bration curve. 

More techniques are available for increasing than 
for reducing sensitivity of ultraviolet analyzers for 
gas analysis. Among these are the reverse of the 
techniques for reducing sensitivity. Extra-long cells, 
including those with multipass optics, as well as wave- 
lengths of peak absorptivity, must be used. Height- 
ened electronic sensitivity can usually be achieved 
readily (by increasing recorder sensitivity) when 
electronic noise or other instability is not present. 

Any technique that increases the density of the 
sample component to be analyzed increases sensi 
tivity. A gas sample may be compressed, provided it 
contains no condensibles such as water vapor, or 
provided the condensibles have been removed first. 
‘The sample also may be scrubbed in a transparent 
solvent—many volumes of contaminated air may be 
passed through one volume of water in a small 
packed column, and the effluent solution is then 
analyzed. Liquid-phase analysis is better than gas- 
phase analysis for an effective sensitivity increase of 
several-hundred fold. 

The colorimetric techniques referred to in the 
section on selectivity may also be used to improve 
sensitivity. Another technique, particularly adapted 
to mists and air-borne solids samples, is pyrolysis 
(decomposition by heat). For insoluble materials 
and those of low-absorptivity, pyrolysis in an arc or 
other heated chamber may yield readily detected 
products. The scrubbing technique also is applicable 
on samples of this sort with soluble components. 
Low-volatility particulate compounds of mercury are 
readily detected by applying the pyrolysis technique 
and following it with an ultraviolet analyzer at the 
mercury resonance wave length, 254 mp. 


USES OF ULTRAVIOLET ANALYZERS 


Ultraviolet analyzers are at least as useful in the 
chemical industry as infrared analyzers. At present, 
however, there are fewer of them in operation in this 
industry. In the petroleum industry, too, a smaller 
proportion of ultraviolet analyzers is employed, be- 
cause the process streams here in many cases contain 
complex mixtures of compounds which either are 
quite similar in ultraviolet absorption spectra and 
interfere with each other or are transparent to the 
more readily available ultraviolet radiations. As expe- 
rience with this type of instrument accumulates its 
uses probably will increase. At present, however, 
most of its applications are in the chemical, petro 


TABLE 3 
MINIMUM GAS CONCENTRATIONS THAT CAN BE 
DETECTED BY STANDARD ULTRAVIOLET ANALYZERS 





Minimum Detectable, ppm 


MATERIAL 2 313 yw 





Acetal.. ve 
Acetaidehyde.... 
Acetone 

Acetyl chloride 
Acrylonitrile. . . 
Ammonia . 

iso-Amyl alcohol 
Aniline 

Anisole 
Benzaldehyde. . 
Benzene. 

Benzoy! chloride. . 
Benzy! chioride. . 
Bromine 
Bromobenzene 

1, 3 Butadiene 
iso-Butyraldehyde 
n-Butyraldehyde 
Carbon disulfide 
Carbon tetrachloride 
Chlorine 

Chloroform 
o-Chlorotoluene 
Cyclohexane 
Cyclohexanol 
Cydohexanone 

1, 3-Cycdopentadiene 
p-Cymene..... 
Decahydronaphthalene 
Diacetone alcohol 
o-Dichlorobenzene 
Dichlorobutene 
Diethy! ketone 
Di-isopropy! ketone 
Dimethyl! amine 
Dimethy! formamide 
Dioxane 

Dipheny! 

Dipheny! oxide 
Diviny! acetylene 
Ethyl benzene 

Ethyl bromide 
Ethylene bromide 
Ethylene chlorohydrin 
Ethylene oxide 
iso-Fenchone. . . 
Formaldehyde 
Formic acid 

“Freon” 21 

“Freon” 22 

Furan. . 

Furfural 

Furfury! alcohol 
Hydrogen sulfide 
lsoprene 

Mercury 

Mesityl oxide 

Methyl buty! ketone 
Methyl! cyclohexane 
Methy! ethyl ketone 
Methyl! formate 
2-Methyl-furan 
Methy! isobutyl ketone 
2-Methyl-1, 3-pentadiene 
4-Methyl-1, 3-pentadiene 
Methyl viny! pyridine 
Methylene chloride 
Monochlorobenzene 
Monoethanolamine . 
Naphthalene... . 
Nickel carbonyl. 
Nitrobenzene . nhs 
p-Nitrochlorobenzene 
Nitrogen peroxide (NO «) 
Nitrogen peroxide (NO ») 
m-Nitrotolvene . 


wn 


Pentachloroethane 

1, cis-3-Pentadiene. . 
1, trans-3-Pentadiene 
Perchloroethylene.. 
Phenol. . 


N@ 


———$DOOFOCOKNHNOOCOCMWOUD—-—eOOWoOoOnNOoOcCOCOOCS 
w 
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Phorone....... : 
Phosgene 

Phthalic anhydride 
Piperidine 
Propionic acid. . 
Propionitrile 
Pyridine 

Sulfur dioxide 
Tetrachloroethane 
Tetrachloroethylene 
Toluene. . 
m-Tolvidine.... . . 
n-Tributy! amine 
Trichloroethylene . 
Trimethyl amine 
Vinyl acetylene 


w 
iS) 


w 
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m-Xylene. . . 
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TABLE 4 
REPRESENTATIVE ULTRAVIOLET-TRANSPARENT GASES 
AND VAPORS 





(Absorbance less than about 0.0002 at 254 yu. or longer wavelengths) 





Acetic acid Hexane 

Ammonia Hydrogen 

Argon Hydrogen chloride 
Butane Krypton 
iso-Butanol Methane 
n-Butanol Methanol 

Butyl acetate Methyl acetate 
Butyric acid Methyl “Cellosolve” acetate 
n-Butyronitrile Methyl chloride 
Carbon dioxide Neon 

Carbon monoxide Nitric oxide (NO) 
“Cellosolve” (ethy!) Nitrogen 
Dimethy! sulfate Oxygen 

Ethane Propane 

Ethanol iso-Propanol 
Ethyl acetate n-Propanol 
2-Ethyl buty! acetate Propylene 

Ethyl! chloride Sulfur trioxide 
Ethyl ether Tetrahydrofuran 
Ethylene Viny! chloride 
Ethylene dichloride Water 

Ethylene glycol Xenon 

Helium 





leum, and food industries. Some are in other 
operations, such as paper making, mining, metal proc- 
essing, painting, and pollution abatement. ‘The sam- 
ples on which the instruments are used include gases, 
liquids, slurries and translucent solids (the latter two 
accommodated by reflection-measuring techniques). 

Table 3 itemizes a large number of ultraviolet de- 
tectable vapors and gases. Approximate values of 
sensitivity based on actual measurements (with the 
MEECO photoelectric analyzer) are given for the 
most common wavelengths. (If interferences are 
encountered at these wavelengths, other nearby wave- 
lengths may be examined with a laboratory spectro- 
photometer for one suitable.) ‘The sensitivity is 
given in terms of the minimum detectable amount of 
the material, at 27 deg C and 3-in. water-gage pres- 
sure, for the tabulated wavelengths, in an analyzer 
with a 19-cm cell, 0.2 absorbance range, and 1 per- 
cent sensitivity. 

Some of the materials which are quite transparent, 
at least in the gas phase, to all the ultraviolet and 
visible wave lengths longer than 250 my are listed 
in ‘Table 4. These all have absorptivity less than 
0.1 1/mol —cm at 254 mz. These pure components 
in most applications will not constitute interterences 
at ultraviolet wavelengths. Some of them absorb at 
slightly shorter wavelengths, such as 228 my. 

Data on absorptivity of liquids, hence the sensi- 
tivity of ultraviolet analyzers to liquids, are much 
more accessible than data for gases. Data is avail- 
able in the spectrophotometric curves assembled by 
the American Petroleum Institute; in Landolt- 
Bornstein “Physikalische-Chemische ‘Tabellen”; and 
in many other works. ‘The absorptivity at a specific 
wavelength is about the same for both gas and liquid 
phases of a material when the units of concentration 
are mass per unit volume, e.g., moles per liter. Of 
course, the absorption by a liquid in a l-cm cell is 
several hundred times greater than the absorption 
by a vapor (of the same material) because the density 
of the liquid is higher. The absorption bands of 


CONTROL ENGINEERING 


many materials, particularly polar compounds, dif- 
fer drastically in shape between liquid and gas 
phases. Gas-phase absorptivity can be measured 
directly or can be predicted with reasonable accuracy 
by absorptivity measurement on weak concentrations 
of the material in transparent, nonpolar solvents, 
such as hexane and iso-octance. 

The applicability of an ultraviolet analyzer to a 
particular component can be determined either by 
calculation from absorptivity data or by actual test. 
The latter is preferred, since in most cases it must 
be employed anyway to arrive at the complete cali 
bration curve for the instrument. A synthetic sam 
ple of known composition must be available, or there 
must be a means for independently determining the 
composition of a sample after it has passed through 
the analyzer. The latter method—using the actual 
plant sample—is usually preferred for determining 
applicability, because unsuspected interferences or 


difficulties in handling the sample may show up. 


COMMERCIAL ANALYZERS 


Only a few ultraviolet analyzers are commercially 
available at present. Many may prove to have wide 
utility and have been described in the recent tech- 
nical literature. Others are custom-built for the 
chemical and petroleum industries. 

Single-beam analyzers are used in simpler analysis 
problems, such as recording or sounding an alarm 
when color of a readily-perceptible degree appears in 
a normally clear and colorless liquid, or detecting 
relatively major changes in the concentration of one 
component of a simple mixture. The more complex 
and high-sensitivity applications in industrial plants 
are beyond the capability of the single-beam instru- 
ments. ‘They generally lack required stability and 
automatic standardization or zero-setting to elimi 
nate spurious readings. And none of these instru- 
ments has high enough sensitivity for gas analysis 
in the parts-per-million range or sufficient accuracy 
for automatic process control. 

The range of double-beam analyzers is wider, ex 
tending to ‘atmospheric- contaminants analysis and to 
process control, and they afford higher sensitivity 
and stability. Consequently they are more complex 
and costly. The available double-beam instruments 
differ markedly from each other in price, sensitivity, 
versatility, principle of operation, etc., so that the 
user must be familiar in detail with their capabilities 
and with the requirements of his process to make the 
proper selection. 

The commercially available ultraviolet analyzers 
include the Beckman flow colorimeter, the Halli- 
kainen ultraviolet colorimeter, and the Ulvir an- 
alyzer, all of which are single-beam instruments; and 
the Consolidated- Phillips analyzer, Kaye Spectro- 
stat, and MEECO photoelectric analyzer, which 
are double-beam units. Additional ultraviolet an- 
alyzers for process streams have been disclosed 





patents and in technical journals. Some have impos 
ing performance and have been used extensively by 
their developers. ‘The generally available instruments, 
described below, will h: indle a great variety of analysis 
problems, including those mentioned in this article. 

The Beckman instrument, basically a single-beam 
device, has been available to-date only with a tung 
sten-lamp source, making it primarily useful for 
visible and near-visible radiation applications. A 
ratio-recording version, recently developed, should 
prove useful in color detection, = where 
haze or turbidity interferes and presents a problem. 

The Hallikainen ultraviolet colorimeter is avail 
able with cither a fluorescent or mercury-vapor light 
source and has a single-beam operation. It is useful 
where either near-visible wave lengths or 254-myp 
mercury-line radiation is required but high sensitivity 
is not. Hallikainen also manufactures a variety of 
simple compact analyzers in explosion-proof hous 
ings. ‘These include inexpensive color alarms and 
recorders for monitoring city water supplies, 98 pet 
cent glycerin, finished kerosene, etc. 

Vhe Ulvir Axler 


small, compact, 


\ssociates) analyzer is a new, 
single-beam instrument adaptable 
either for infrared or ultraviolet use. Optical inter- 
ference filters permit it to achieve narrow bands of 
radiation. ‘The instrument is primarily designed for 
broad-range operation, but no permanent plant ap 
phic ition in ultraviolet analysis has yet been reported. 
The Consolidated-P hillips analyzer was developed 
by the Phillips Petroleum Co. for the analysis of 
butadiene in hydrocarbon streams. It uses a broad 
band of ultraviolet wavelengths near 240 mp, ob 
tained from a molecular hydrogen discharge lamp. 
(his double-beam instrument, in an explosion-proof 
case, will be built on a custom basis by Consolidated 
Electrodynamics Corp. for specific applications. 
The MEECO photoelectric analyzer 
developed i 


(Figure 6), 
du Pont’s Engineering Research Lab 
oratory, has been extensively used in the chemical 
industry. Several forms are now manufactured by 
Manufacturers Engineering & Equipment Corp. 
with cells of various styles and lengths down to just 
a few thousandths of an inch for infrared, visible 
or ultraviolet measurements at numerous discrete 
wave lengths. Features include pipe fittings to pro 
vide explosion-resistance through an inert-gas purge, 
panel mounting, multipoint sampling, automatic 
standardization, pneumatic or electric transmission, 
and recording or control. Applications have involved 
solvent fumes in air, solvent detection in water, con 
trol of a chlorination process, sulfur dioxide analysis 
on sulfuric acid plants, etc. It can handle all of the 
applications referred to in this article. 


Analyzer costs 


The cost of a photoelectric analyzer may be less 
than $400 for the simplest color alarm. More com 
plex instruments range in price from under $2,000 


FIG. 6. MEECO analyzer, rack-m 


ability in pilot-plant operation 


to over $8,000. In addition his outlay for the 
instrument, the user must also pay for the sampling 
pipelines, electrical conduit, instrument 
panel, installation, startup, spare parts, calibration, 
etc. ‘These cost several hundred 
dollars, depending on the complexity 
tion. ‘The median amount for an ult 
tion is about $3,000. 

Development work for proving applicability o1 
for devising sample-treating facilities may bring the 
price even higher. So may complex installations con 
taining temperature and ‘pressure regulators, filters, 
and other accessories; long runs of 
trolled sample lines, 


recorder, 


to several thousand 
of the installa 
raviolet applica 


temperature-con 
multipoint sampling and re 


corders; automatic-control features, including propor 
tioning valves; and sample pretreatment facilities for 
developing a color, enhancing the concentration, etc. 


\ single complex installation may cost 
$30,000 


as much as 
\ recent complete installation of 
five infrared and three ultraviolet analyzers costs ap 
proximately $100,000. 

Process stream analyzers for ultraviolet analysis are 
relatively complex instruments, but not more so than 
infrared analyzers. Maintenance, in general, can be 
handled by trained mechanics of the type who serv 
ice potentiometer recorders and pH meters. Specifi 
cation, installation, and startup should be by an expe 
rienced analyzer engineer, or an instrument engineer 
assisted by an analytical chemist. 

Ultraviolet analyzers can effect-a labor savings, 
though this is by no means their strongest justifica 
tion. Much more important is their ability to in 
crease yield and improve product quality. In some 
Cases they perform a control function and make pos 

sible a new process or a new product, and here they 
return their cost in a very short time 
much more than a year. ‘Their future, 
bright. More of them will be used as they become 
better known, as more field testing is successfully 
completed, and as more accessories and sampling 
system components are developed. 


rehnery 


Median: not 
therefore, is 
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Servo Modulators —Iil 


electromechanical, electronic, 
and semiconductor-diode units 


Here are typical circuits, performance characteristics, and application data for 
all varieties of electromechanical, electronic, and semiconductor-diode modu- 
lators. Details are given for each representative unit that is commercially avail- 


able. 


Next month’s article will cover the 


remainder of the semiconductor 


modulator types—transistor, dielectric, thermistor, etc.—and magnetic modulators. 


BASIL T. BARBER, Sperry Gyroscope Co. 


The first article in this group (CtE, Aug. ’57, 
p. 65) showed where servo modulators can be used 
in control systems, illustrated several typical appli- 
cation circuits, and tabulated the performance char- 
acteristics of all types. This article carries the 
modulator-selection process further by examining 
the various circuit configurations in detail, and not- 
ing the characteristics, application possibilities, and 
commercial availability of specific electromechanical, 
electronic, and semiconductor-diode designs. Data 
on representative units is given if the specific mod 
ulator type is an off-the-shelf commercial item. Next 
month’s article will detail the other types of semi- 
conductor and magnetic modulators and will list 
manufacturers and characteristics of a variety of 
models. 


Electromechanical Modulators 


Electromechanical modulators are widely used in 
critical-performance servo systems. Most common 
are the variable-reactance and_ variable-induction 
types, and choppers. 


Choppers 


A chopper, basically a low-noise, long-life pre 
cision vibrator, can amplify de signals of as low as 
| microvolt, and is particularly useful where input 
impedance, balance, drift, and signal-to-noise ratio 
are critical. 

Figure 1 shows the most typical application of a 
chopper. The input transformer, Tl, isolates the 
de measuring circuit from the amplifier ground. The 
problem of a special transformer is thus introduced 
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but is unavoidable—most sensing elements such as 
thermocouples are subject to grounding. Because 
the modulator output is a train of square waves, the 
servo amplifier should incorporate some type of hat 
monic filter capable of attenuating all harmonics 
beyond the second without attenuating the ampli 
tude or shifting the phase of the fundamental fre 
quency. Broad-band, low-Q attenuators with a maxi 
mum rejection ratio of 20 db are usually satisfactory. 

‘T'wo inputs can be conveniently compared by 
using the circuit of Figure 2. The ac output of the 
modulator is the difference of two quantities that 
are usually equalized by means of a standard ac 
servomechanism, so that the modulator also func 
tions as an error sensitive device. Ac stabilization 
networks can also be cascaded between the mod- 
ulator and the ac amplifier. 

Choppers are widely used in critical industrial ap- 
plications requiring driftless dce-ac conversion with 
high speed and precision. Typical of these are self- 
balancing potentiometers, automatic-balancing strain- 
gage bridge circuits, weight measutmg instruments, 
microvoltmeters, analog-computer operational ampli 
fiers, and nuclear instrumentation. Figure 3 shows 
a variety of commercially available choppers. 


Variable-reactance modulators 


There are several techniques for changing the 
value of an element of resistance, inductance, or 
capacitance sinusoidally so that cascading it with a 
de input yields an ac output proportional to the dc 
input. Figure 4 shows the general configuration. 

Typical variable-resistance units incorporate a car 
bon microphone, strain gage, or rheostat. If the 
variable resistance varies as 





Ry Ro (1 + m cos wel) 
then the output voltage across R,, will be 


mRo 


Ro T Ry 


Eo = E; cos wet 

Variable inductance modulators are not com 
monly used because of high distortion problems. 
l‘or perfect operation, the current through the in 
ductance must vary only with the input E,, but this 
is impossible if the potential across R;, is to change. 

The variable-capacitance modulator is the most 
practical here. Tuning forks or rotary condensers 
are run at a synchronous speed equivalent to the 


Conventional application of a chopper modulator. 


FIG. 3. 


A variety of commercially available choppers. 


Airpax Products 


carrier frequency. If the capacitance assumes a value 


Cy Co (1 


m sin wy 
then the output is 
Eo R,C om cos week; cos 

These modulators are used when a very high input 
impedance is required, and impedances as high as 
10'* ohms are practical. They exhibit good linearity 
for small element excursion (up to 0.1 percent 
but practical considerations involving mechanical 
tolerances limit the ultimate accuracy to about | 
percent. Efficiency is low. The input is substantially 
free of harmonic distortion, although mechanical 
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FIG. 2. Chopper as a comparator and modulator. 
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asymmetries may contribute considerable intermodu 
lation distortion. Short life and component require 
ments restrict the usefulness of the rotary types. 


Galvanometer or induction modulators 


An induction modulator is essentially a d’Arsonval 
movement with the moving coil positioned by the 
de input signal impressed on it. Ac field coils 
mounted directly on the magnets produce additive 
flux fields in the axial direction. This in turn induces 
an ac voltage in the moving coil proportional to its 
position as determined by the de signal. Figure 5 
shows the basic circuit and a commercial model. 

Induction modulator life is quite good because 
there are no vibrating contacts. In addition, the 
unit exhibits a high gain conversion, requires little 
filtering of the sinusoidal output, and can have a 
sensitivity as high as 30 microamp with a constant 
de input resistance. ‘These advantages are somewhat 
counterbalanced, however, by a 10-millivolt null, 
a linearity of about 2.5 percent, and a time constant 
that can be as large as 0.37 sec depending on the 
type of damping and the gain requirements. In null 
seeking electromechanical servomechanisms, the 
speed of response and dead zone of the modulator 
can cause stability problems, but at low carrier fre 
quencies (60 cps) with restricted bandwidth, these 
characteristics have given promising results. Figure 
6 shows induction modulator circuitry for high and 
low input impedance. . 


Electronic Modulators 


Electronic modulators have wide flexibility, high 
impedance levels, and high switching speed. And 
they are simple and low in cost. However, they 
exhibit a number of nonlinearities, high nulls, low 
dynamic ranges, and problematical drift. ‘There are 
two basic classes in this group: multi-element vac- 
uum-tube modulators, in which certain tube char- 
acteristics are modified by the modulating frequency, 
and vacuum-diode modulators, in which undirec- 
tional conduction is the modulating means. 


Multi-element vacuum-tube modulators 


This class includes grid, cathode, and plate mod 
ulators; variable p-type modulators, keyed or cutoff 


FIG. 4. Configuration of series-type variable-reactance modulator. 
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tube modulators, and gate modulators. Figure 
shows typical grid, cathode, and plate modulation 
schemes and a typical characteristic curve. In these 
circuits, the vacuum tube’s transconductance, g,,, 1S 
varied from zero to a maximum value depending on 
the value of the input signal and reference voltages. 
This variation in g,, takes place along a square wave 
so that the output is similar to that of a mechanical 
chopper. 

Letting the dc input, E;, equal x, and the ac 
reference, E», equal x2, and applying them both to 
the part of a tube’s transconductance resembling a 
square law curve, the output, E9, will be 
Eo = K (E, + E,)? 

Eo = K (x2 + 22 sin? wt + 22,72 sin w t) 

Eo = K (a + 42.2) — 4Kz?? cos 2wt + 2K 2,22 sin w 

The first part of the last equation represents a d 
signal that is blocked by using series capacitors o1 
balanced out by using push-pull circuits. ‘The second 
part represents harmonics that are normally filtered 
out by using low-pass or band-pass filters. The last 
part of the equation represents the desired output. 

Signal-to-noise ratio, relatively low in this class of 
modulator, restricts it to high-signal-level applica 
tions. Other disadvantages: low efficiency (about 5 
percent); nonlinear performance except for small 
input signals; serious drift problems resulting pri 
marily from cathode instability; a frequent require 
ment for bias voltages or balancing potentiometers; 
sensitivity to B + variations; and, on balanced types, 
problematical accuracy in the cancelation of unde 
sired signals. Nevertheless, these modulators are 
widely used because they are flexible and inexpen 
sive, require little power, exhibit high input imped 
ance, have a life expectancy equivalent to that of 
a vacuum tube (about 10,000 hours) and have a 
high carrier frequency range. The last attribute 
makes them attractive for use in the new 1,000 cycle 
carrier servo systems. 

\nother class of electronic modulators is the cut 
off type. By driving a control grid negative with re 
spect to the cathode, a vacuum tube assumes a 
cutoff condition, conversely a positive voltage ap 
plied to the grid causes the tube to conduct. ‘These 
two conditions can be used to modulate an incom 
ing de voltage in a manner similar to that of a 
mechanical chopper. Figure 8 shows series and 
parallel cutoff modulators and a typical character 
istic curve. 

Cutoff modulators are characterized by a high 
input impedance, the capacity for accepting high 
input levels, and relatively high efficiencies (up to 
25 percent). Their output is basically a square wave. 

Ihe third class of multi-element vacuum-tube mod 
ulator is the variable-» or variable-reactance type. The 
de input feeds the grid and controls 7, so as to form 
1 variable-attenuation network. ‘The output is mixed 
with a signal of constant magnitude and opposite 
phase, so that the final output represents only the 
actual variation of the tube. For good linearity, tl 
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INDUCTION MODULATORS 


FIG. 5. Basic circuit of induc- 
tion modulator and commercial 
version manufactured by Weston. 


reference voltages and bias points are selected to 


best fit the g,, curve of the tube. Figure 9 shows a 
typical circuit and performance characteristics. 

The outstanding feature of a variable-» modulatot 
is its pure-sine-wave output. Linearities of plus ot 
minus | percent can be obtained for low input level 
signals. ‘Ihe most serious disadvantage is its output 
response to the input level modulation—the mod 
ulators must be used in push-pull to eliminate this 
effect. ‘This type of modulation adds a form of time 
constant that can adversely affect the dynamic per 
formance of a complete servo system. 

The last class of multi-element vacuum-tube mod 
ulator is the beam-deflection type. A beam-deflec 
tion tube has a pair of balanced deflection grids to 
direct the electron beam to one of the two plates 
and a control grid to vary the intensity of the beam 
Mainly used in color television today (synchronous 
detectors, burst gates, etc.), they are also suited by 
their unique characteristics for modulator applica- 
tions. Figure 10 shows a typical beam-deflector mod 
ulator. ‘This modulator is free from space-charge 
coupling and reference-voltage-variation effects. Its 
construction best suits it for high-input signal levels, 
but within this limitation, outputs are good. 


Vacuum-diode modulators 


Prior to the advances in semiconductor diodes, 
the vacuum diodes yielded the highest ratio of back 
ward to forward impedance. In addition, they ex 

















FIG. 6. Induction modulator circuitry 
for low and high impedance inputs. 


hibit high input impedance, but have high nulls and 
problematical drift since balance is seriously affected 
by heater voltage variations. Their on-off condition 
is usually controlled by a sinusoidal carrier—although 
a square-wave carrier gives greater dynamic range. 
Average linearity is about plus or minus 1 percent. 

[here are many types of diode modulators, but 
since they are similar to the circuits used in semi- 
conductor-diode modulators they will be treated in 
detail in the following section. Figure 18 shows 
three vacuum-diode modulator circuits. 


Solid-State Modulators 


This class of modulators has grown in importance 
as a result of advances in the development of solids 
such as phosphors, magnetostrictive and piezo-elec- 
tric materials, magnetic and ferroelectric materials, 
and semiconductors. In modulator applications these 
elements can be classified as follows: semiconductor 
diodes, transistor elements, dielectrics such as volt- 
age sensitive capacitors, nonlinear resistors such as 
Varistors and Thyrites, thermistors, and photocon 
ductive elements. Only semiconductor-diode units 
are included in this article; the remaining types will 
be covered next month. 


Semiconductor-diode modulators 


Semiconductor-diode or rectifying-element mod 
ulators use diodes two ways, either as on-off switches 
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MULTI-ELEMENT 
VACUUM-TUBE MODULATORS 


A—Cathode modulation 
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FIG. 7. Common schemes for grid, 
cathode, and plate modulation. 

















FIG. 8. Cutoft-type modulators. 
10,000 ohms 


0.1 mf 
ji 
We 








= 


470000 
ohms 


= & “Oo 


- = 
QS 


Output 








Reference 
400 cps 


de output, volts 





J {megohm 
“ J 
eR k 
‘ 1 megohm 
Reference 12AU7 T 





L 
t 


> 








Reference 
400 cps 




















Nn 
0.000 5,000 ohms 
ohms 


Eqg(O)=-3.6 volts dc 


FIG. 9. Variable-» modulator, A, and its performance curve, B 
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SEMICONDUCTOR-DIODE 
MODULATORS 











FIG. 12. Bridge or 
Cowan modulator in A | 
approximates the action 
of a switch across the 
output as shown in B. 








FIG. 11. Current-voltage characteristic curves of several 
rectifying elements compared to that of an ideal rectifier. 
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FIG. 13. As in Figure 12, the operation of the ring modulator in A is similat to that of the DPDT switch shown in B 
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FIG. 14. Typical diamond modulator, A, + 3.0 
and its characteristic curve, B. 
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Sanders Associates’ full-wave bridge modulator, A, and its character- 


istic curve, B. Figure 17B shows this unit as a packaged plug-in component 
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High-performance silicon ring modulator. 


| the ratio of backward to forward rx 
ince, or as nonlinear switches operating on the 
rent-voltage characteristic of the diode. Figure 11 
shows the current-voltage characteristic curves fot 
1 number of rectifying elements compared to an 
Ihe residual output current that is 
present with zero input voltage is an obvious dis 
idvantage of the thermionic type. When operation 
is centered around the null region of this curve, 
the residual voltage may cause considerable dif 
ficulty even if all necessary precautions are taken by 
using balancing and bias schemes. ‘The disadvantage 
of solid-state rectifying elements is the presence of 
reverse current when applied voltage is reversed. ‘The 
following summarizes the characteristics of the com 
mon rectifying elements used in modulators. 


ised on 


ideal rectifier. 


Copper-oxide—’his_ clement has a limited tem 
perature range of minus 55 to plus 85 deg. C. The 
low blocking voltage of about 10 volts per cell max 


FIG. 17. Matched diodes pack 
aged as plug-in units for ring, 
bridge, or diamond modulators. 


imum makes stacking necessary, thus increasing siz¢ 


ind cost. Copper oxide is characterized by very long 
20-30 vears of 


} 


life, with 
ready 


continuous operation al 


recorded. reduces the bal 


incing problem. 


Short-time aging 

These rectifiers have a relativels 
high capacitance, but this does not affect modulator 
operation if the carrier frequency 10 k 
Copper-oxide modulators are used room-tempera 
ture applications, where high linearity, balance, level, 
or null characteristics are not criti 


17 
below 


; 


Selenium—This element exhibit 
same performance as copper oxide, th ugh rectifiers 
made of selenium are somewhat smaller because of 


a higher voltage rating (up to 70 volts per cell 
] 


basically the 


Selenium is chemically active, and any abnormal 


penetration of moisture Or vapor W cause its per 
formance to deteriorate. Properly sealed units, how 
give satisfactory results. ‘The 
threshold voltage of selenium elements 


relatively high 
makes it 


ever, 


OCTOBER 1957 





Reference 


dificult to modulate signals at levels below several 
millivolts. Good linearity and low drift are possible. 

Germanium—Limited temperature range is the 
main disadvantage of germanium. A ratio of 500,- 
000:1 between backward and forward resistance 
makes possible a balanced-modulator design with 
nulls as low as 100 microvolts at room temperature. 
The high voltage rating per cell results in small, 
compact units. However, since the back resistance 
is relatively low, modulators using germanium diodes 
have inherently low input and output impedances. 
Modification by aging may interfere with long term 
stability and null constancy. 

Silicon—Since silicon can withstand high tempera 
tures, essentially the same performance can be ob- 
tained at 200 deg C as at room temperature. In 
addition, the extremely low saturation currents make 
possible ratios of back-to-forward resistance as high 
is 108, much higher than any other rectifying ele 
ment. Thus, silicon diodes are ideal for high-per 


formance modulators, especially the on-off type 


requiring high back resistance and good forward con 
ductance. Other important properties of silicon 


diodes are their small size, negligible aging effects, 


ind good zero stability (as low as 10°! watts). 


FIG. 18. Vacuum-diode modulators. 


\—Typical vacuum-diode modulator using square-wave reference 

B—Simple circuit using one 6AL5 tube 

C—High-performance diamond modulator. Typical specifications 
null 1 millivolt, signal-to-noise ratio 2,000:1, dynamic range 5( 
db, efficiency 40 percent, drift 1 microvolt per min, linearity 1 
percent, and square-wave output up to 1.5 volts input, 
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Other rectifying elements—Many other rectifying 
elements, whose characteristics fall within the lim 
its covered by the above, can also be used in diode 
modulators. However, their application is limited 
to specific cases where a particular characteristic 
is emphasized for optimum performance. Some of 
the elements are titanium dioxide, magnesium 
copper sulfide, and a number of intermetallic com 
pounds such as indium antimony and cordmium 
antimony. 

All of the previous semiconductor diodes can be 
used in series or parallel configurations in a wid 
variety of modulator circuits. Some of the typical 
types are bridge (or Cowan) modulators, ring mod 
ulators, diamond modulators, full-wave bridge com 
parator modulators, and silicon ring modulators. 

Figure 12 shows a bridge modulator. Depending 
on the polarity and magnitude of the reference volt 
age, the diodes are conducting or nonconducting 
In the first approximation, the bridge cat 
assumed to act as a switch across the output, which 
closes during every other half-cycle of the carriet 

In the ring modulator circuit of Figure 13, diodes 
x and x’ or y and vy’ conduct on each successive half 
cvcle, depending on the polarity and magnitude of 
the reference voltage. ‘The operation is similar then 
to a DPDT switch operating at the carrier frequency 
A typical ring modulator with matched germanium 
diodes gives a signal-to-noise ratio of greater than 
5,000:1, a linearity of about plus or minus 1 pet 
cent, and a drift rate of 1 millivolt per hour at room 
temperature operation. 

For overall performance, diamond modulators give 
very good results. Figure 14B shows the linearity 
curve for the modulator configuration of 
14A. Nulls of 0.5 millivolt with a signal-to-nois« 
ratio of 8,000:1 and 1 percent linearity are feasible. 

Full-wave bridge comparator modulators are basic 
ally Cowan bridge configurations in pushpull. By 
using matched resistors in series with the diodes, the 
unbalanced effects of the diodes are reduced, though 
at the same time the operating level of the unit 
increases. Figures 15A and 15B show typical circuit 
and performance characteristics of a commercially 
available unit. 

By placing most of the design emphasis on the cor 
rect operating condition of the diodes, the designet 
can optimize a modulator to obtain the best sensi 
tivity and stability. Figure 16 shows such a unit, 
designed by N. F. Moody of the Defense Research 
'elecommunications Establishment of Ottawa. Al 
though it seems very similar to the standard ring 
types, its superior performance depends mainly on 
the exploitation of certain unique features of thc 
silicon diodes, mainly the nearly perfect matching 
that can be attained between forward or backward 
resistances, or forward drops. 

Figure 17 shows a variety of matched diodes, 
packaged as plug-in units for use in ring, bridge, o1 
diamond modulators. 


thus be 
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NOW ...the P-4 


Back from a thorough redesign, the P-4 has more to 
offer than ever before. All the advantages proved in 
years of actual use have been retained ...and more 
have been added. Chief among the improvements re- 
sulting from this complete re-evaluation are: 


e Even lower steady state air consumption—and 
increased amplifying relay capacity 

e Improved linearity plus increased gain in the 
error detection network 

e Greater independence from dirty air suppiy 

e Easily accessible external alignment adjustments 

e Improved frequency response characteristics 

e Greater flexibility —new ‘‘Universal’’ design pro- 
vides 2-50°% proportional action, on-off controller 
action, 2-100% differential gap action—in one 
controller! 


Brilliant instrument design has permitted all these im- 
provements with no change in bellows construction or 
motion balance principle of operation. In-case models 
still feature completely integrated in-the-case accessor- 
ies, free of troublesome links or complex external mem- 
bers. And they can still be mounted left or right with 
equal ease, permitting two to a single case if desired. 
Of course, a complete line of plug-in models for use 
with miniature instruments is still available. 


If you’d like to investigate the renewed P-4B con- 
troller first hand, call in the Fischer & Porter field 
engineer serving you... or write for new Catalog 53P- 
4000 to Fischer & Porter Co., 807 County Line Road, 
Hatboro, Pa. In Canada, write Fischer & Porter (Can- 
ada) Ltd., 2700 Jane Street, Toronto, Ontario. 
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PERFORMANCE SPECIFICATIONS e SERIES 53P—P-4B CONTROLLERS 
Output pressure—3 to 15 or 3 to 18 psig 
Set point and process pressures for field or plug-in m 


Index tracking at any output pressure thin 
controller) 


225 F 
17 to 22 psig 


Temperature limit 

Supply pressure 

Zero frequency gain (Reset controller)—approximat 

Derivative gain—approximately 12 

Field mounting manifold cut-off valve—air to open 

Steady state air consumption—0.08 scfm 

In Case Plug-In And 

Controllers Field Mounted 

On-off S3PR 4101 

‘‘Universal’’ controller; 2-50% proportional, 
on-off, and 2-100% differential gap 

Proportional only 

Proportional plus fast derivative 

Proportional plus slow derivative 

Proportional plus fast reset 

Proportional plus slow reset 

Proportional plus fast derivative plus fast reset 

Proportional plus fast derivative plus slow reset. 

Proportional plus slow derivative plus slow reset 

Ratio— Proportional plus fast reset 





53PR 424] 
S3PR 4301 
S3PR 4411 
53PR 4421 
53PR 4511 
53PR 4521 
53PR 4611 
53PR 463] 
53PR 462 
53PP 4511 


53PN 4510 
53PN 4520 
53PN 4610 
53PN 4630 
53PN 4620 








controller is better than ever! 
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FISCHER & PORTER CoO. 


Complete Process Instrumentation 
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ew components made from technical ceramics cut costs 
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The nine resistors and capacitors above 
are replaced by the RC network at the 
right. This new General Electric component 
is just 3/16” thick. It is priced 10 percent 
less and saves about 67 percent in assembly 


costs as proved in actual production runs. 


fe Lead Metaniobate VM Thru-Con print wire board 
« 


\ piezoelectric material recently developed Now you can design a compact wiring pattern 
by General Electric, Lead Metaniobate on both sides of the board without the cost of 
remains remarkably stable over the temper- further processing to connect them. The 
ature range from 54°C to 265°C, an im- “Thru-Con®” board additive technique plates 
portant fact in high-temperature instrumen- through the holes at the same time it plates 
tation devices. It displays superior aging the wiring pattern. This permits high-speed 
characteristics compared with other ceramic dip soldering remarkably free from rejects. 
piezoelectric bodies. The high Curie tem- No special eyelets or pre-« leaning are re- 
perature (570°C) allows repeated heat cy- quired. Assembly weight is reduced, and in- 
cling with no effect on electrical output. ventory is simplified. 
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of electronic assemblies 


Basic Improvements in RC Networks and Capaci- 


tors Developed by General Electric Research 


Technical ceramics have remarkabie electrical and mechanical prop- 
erties that lead to the utmost simplification in component parts—as 


superior to present components as the auto was to the horse. 


The new RC network shown at the left replaces a host of individual 
resistors and capacitors. The price saving can be ten percent or better. 
The assembly saving in print wire boards—inserting one unit instead 
of five or ten—averages about 67 percent. Furthermore, this small RC 
network results in a smaller overall assembly, at proportionate savings 
in board costs. Yet you are not restricted to the usual limitations due 
to environmental temperatures. for the new network operates at 


95°C, ten degrees over the normal requirement. 


Wejcap capacitors are small, 
flat capacitors that have no leads 
at all. They are merely wedged 
into print wire boards. Leads 
are an encumbrance. They vet 
bent and broken. They are tough 
to alien. They have to be 
crimped. Wejcap capacitors 
eliminate these problems and 


25 percent less. Tests on 


cost 
Wejcap capacitors also show that four of them can be inserted in 
the time it takes to put in three ordinary capacitors. If only three 
Wejcap capacitors are applied in your volume-production chassis, you 


can expect to cut as much as 20 percent from your capacitor costs. 


Both Wejcap capacitors and RC networks are available in a 
range that makers of medium and high volume assemblies can 


capitalize on. For further information fill out the coupon. 


J 





Manager of Sales, Specialty Electronic Components Department, 
General Electric Company, Auburn, New York 


Please send me complete technical information on 


RC Networks ~ | Lead Metaniobate 


_— 


Ferrites Weijcap capacitors 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 


| Thru-Con® Print Wire Boards 


i Name Position 
Company 
' Address 


Hl City Zone State 
A A RC SD EG, ER 
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CURE FOR CRAZY MISSILES 


Once airborne, “sick” autopilots are a cinch to spot. Even 
the boys at the roadblocks can spot them. The trick, of 


in equivalent check-out with other means takes at least six 
separate instruments and assemblies. That’s why you'll find 
course, is to design those bugs out of the guidance system the leading missile builders and suppliers using Servo 
long before the count-down. It’s easy to say. And it’s easy Corporation’s units in their plants. 
to do too... with the SERVOSCOPE® servosystem analyzer. ° : . , 
You “fl tl Riinte aGnieny Ties 11 iy (dae \n entirely different part of the missile’s speed record is 
ol 1\ Ww? CO MCLE SVSTCII ougn re ecntire CTIOTH 
:; I : A : set by the SERVOBOARD® electromechanical assembly kit 

ance envelope, and spot all of the weak points in no time ' 

Chis portable, versatile arrangement expedites mock-ups 
flat with Servoscope “ee } ; 

of any Servosystem and slashes transition time from drawing 
That's why it's SERVOSCOPE everytime. That's why board to missile “shoot.” 
SERVOSCOPE is THE standard. Most missiles, and nearly : - 

Servoscopes and Servoboards can play vital roles in a// types 
every control system, are checked-out with the SERVO “pee , : 
SCOPI of servosystems. Want a demonstration? More data? Just 
send your request to Technical Information Group, Room 
SERVOSCOPE is the only servosystem analyzer that pet E, Servo Corporation of America, 20-20 Jericho Turpnike, 
forms a// of the checks necessary for guidance systems ... New Hyde Park, New York. 


SERVO CORPORATION OF AMERICA 
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IDEAS AT WORK 


Hydraulics Control 
Largest ‘Tube Mill 


MARVIN LARSON, E. W. Bliss Co. 
W. J. BIGLEY, Tube Reducing Corp 


Lhe be reducing machine cold vhich is c llable a : 2 ngth of crank 
redu 


ibing to close tolerances b to 45° sti per mil ; 6) Ca idjustabl 
the process shown in Figure 1. Roll stroke 0 to 731 s1tiO1 thus making it po 


' : , : 
containing die inserts with tapered stroke ny portion I l : ke In an 
tr 
t 


pe 
1 cl he 
the tube, working it down over a man mechanical drive impractical. A servo differential 
drel. The mandrel size controls the controlled hydraulic drive is used 1] mn-ling pilot 
I.D. of the tube while the tapered Ihe power of two 700 hp induction linder 
ie, slightly larger than motors is requir¢ driving through r valve. Thes 
the ingoing tube at one end and equal rear reducers with massive flywheels, c designed s« 


grooves are passed back and forth over I'he mass and speeds involved make a 


i 
y +} ] ] 
groove in the d l 
} } 


to the finished tube at the other, con thus making 4000 hp available for por ibout 0.005 

trols the O.D. tions of the cvcle. ‘These gear reducers hang 
At one end of t tube lrive two Series 300 Waterbun iT] flow. J 

is fed forward between the dies about able delivery pumps at 409 rpm, dé 2.000 p 


l 5 


1 inch: at the other end of stroke the livering 2,200 gpm at 2,750 psi on full evlindc 


+] 


Lit 


tube is rotated some 60 degrees to re stroke. 
move ovality Ihe servo cont 
The largest tube reducing mill was described as a feedba 
built a few vears ago for the Tube error corrected, is shown schematically f the pump 
Reducing Corp. by E. W. Bliss Co in Figure 2. of the saddk 
It can reduce 1S8-in.-O.D. tubing to The input signal i ied ind slippage. T) 
10 in. O.D., and is over 100 ft. long variable peed de motor » stroke pensating lind 
and nearly 35 ft. high I pm) is directly proportional to pressure and fee 
[he portion of the 18-in. ‘Tube t] | of this motor he motor the pilot valve 
Mill called the saddle is the unit that rives a scotch voke through an ad inkage from tl 
contains the main rolls. It is a mas justable crank he linear tra\ f saddle position 
weighing approximately 150 tons is then proportion to the idjustable rack 
housing 
rom comput 
idvisable to add 
leakage between th 
luce the 
the s\ 
ited 


that i 





the err 


sulting in instab 








cish and inaccu 

In actual test 
Mill it was foung 
n the linkage wouk 
to oscillate. Anoth 
this svstem is that t 
longer at th 


whe h running 


ning fast. This 
in the system at 


Backlash wa 


by the use of 


—— 


Lee Thr 
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Automatic 
high-speed 
frequency analysis 
of taped data... 
permanently 
charted 


wx \ 
=. 


i 





Do you have magnetic tape recorded data from vibration, 
noise, shock or flutter analysis of vehicles, aircraft, missiles or 
ships? ... or seismic recordings, powerline disturbances, or other 
phenomena characterized by fluctuating data? Feed this tape 
recorded information to a Davies Automatic Wave Analyzer, 
flip the switch, and a complete Fourier series is automatically 
plotted and printed in permanent record form. 


Davies Automatic Wave Analyzers can accurately plot these 
data as either amplitude-versus-frequency or power-versus- 
frequency. Davies Analyzers are also equipped with a “‘quick- 
look”’ facility. Model 9020A provides a quick analysis across its 
frequency range of 3 to 2,000 cps in only 16 minutes. Model 
9050A will span 3 to 10,000 cps in just 10 minutes. Linear 
or square law output, as desired, is recorded by a Brown 
Electronik Potentiometer. 


Multi-channel inputs permit analysis of as many as seven 
channels simultaneously. By adding the Davies Automatic 
Channel Selector, a serial analysis of up to 14 channels can 
be made. 


The Davies Automatic Wave Analyzer can process data in as 
little as 3% of the time required by digital methods, thus per- 
mitting the analysis of large samples, resulting in statistically 
reliable information. 


Complete technical information and application data for the 
Davies Automatic Wave Analyzer can be had by requesting a 
copy of new Bulletin 9100—write to Minneapolis-Honeywell 
Regulator Co., Davies Laboratories Division, 10721 Hanna 
Street, Beltsville, Maryland. 


SUEY ROEEEE! 
GUE Ui 
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Honeywell 


From tape-recorded data—to permanent chart 

- a complete Fourier analysis in minimum DAVIES LABORATORIES DIV 
time with maximum accuracy ... with a Davies —_— 
Laboratories Automatic Wave Analyzer. 
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IDEAS AT WORK 


Computer Demonstrates Missile Yaw 


Built to demonstrate an important dynamic characteristic of missiles, this special 
analog computer has a couple of interesting aspects: regenerative operational 
amplifiers, and a simple way to modify an old ac scope to display de signals 


SAMUEL FE. DORSE) 
U.S. Naval Ordnance Test Station, 
China Lake, Calif. 


An analog computer has been d¢ 
signed and constructed to demonstrate 
the vawing motion of a spinning mis 
ile. Yaw is a significant character 
istic of any missile, but it is especially 
so of a spinning missile. It is defined 
is the angle between the missile’s 
longitudinal axis and its direction of 
travel 

Phe differential cquations of the 
vawing motion are usually solved on a 
general-purpose clectronic differential 
imalyzer, but an inexpensive display 
levice was needed to familiarize new 
personnel with the effects of various 
missile parameters on vawing char 
icteristics. Vhus, a fixed-function 
pecial-purpose computer was built us 
ing parts and assemblies that could be 
salvaged from previous projects around ; 
the laboratory. of vaw angle ind angular vcloct I I'ypical yaw patterns produced on 

then manipulated until the pen « the computer a hown in Figure 1; 
Spinner yaw equations the plotting board follows 1 pat the computer itself is in Figure 3 
through the points plott from the [The computer amplifiers are inter 


The yawing motion of a spin-stabil 
ized missile may be described by th 


following differential equations 


ictual vawing pa he nume esting because the high gain necessary 

value of each \ SIT CC efh for use as operation amplifiers is ob- 

cients is then by Itip!ving tained by internal regeneration. Fig 
he @— Hd. + Md. + (Ay + ‘ TH the potentiometer sctting Vv appro ure 2 is the circuit of a single ampli 
N — Hd, + Mr, — »(A.+ TA priate s¢ ile facto her (ten w¢ nal] lt } a 

where H is the damping moment, M 

is the overturning moment, and 1 

the Magnus moment (all aerodynamic 

coefficients), v is the spin rate, and A 

is the yaw angle. The subscripts x and 
refer to the horizontal and vertical 

components of the vaw angle, respec 

tively. 
l’o study the yawing behavior of an 

ictual missile, phototheodolite data 

from the Aeroballistics Laboratory is 

converted into rectangular coordinates 

by a digital computer and the actual 

vawing path of the missile is recorded 

on an analog computer plotting board 

Potentiometers on the electronic dif 

ferential analyzer representing the 

eight adjustable factors of the prob 

lem (the aerodynamic moments and 

spin rate, plus the initial conditions 
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NOW-—from a single stock Sola voltage regulator— 
+1% regulation of all these 6.3v tube filaments* 


Now, you can supply banks of 6.3v electron tubes with +1% 
regulated filament voltage from a single Sola Constant Voltage Fila- 
ment Transformer. This static-magnetic stabilizer, designed for com- 
pact mounting as a manufacturer’s component, is available in five 
stock ratings ranging from 5 to 25 amperes. 

The Sola Constant Voltage Filament Transformer assures su- 
perior performance, reliability, and long life for the tubes it operates. 
The capacitor, an integral part of the Sola Constant Voltage principle, 
is supplied separately for external mounting, allowing greater flexi- 
bility in physical layout. 

For further information on regulated 6.3v filament supply, contact 
your area representative or write for Circular CVF-269. 


*Filament current drawn by 160 electron tubes with filament ratings of .15a each 
equals 24a— within the capacity of Sola’s 25a Constant Voltage Filament Transformer. 


SOLA snansronmens 


Sola Electric Co. © 4633 W. 16th Street e Chicago 50O, Illinois 
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modified to ¢ 


Note that only two 
stages are used, the second being a 
cathode follower that feeds the first 
stage output back to its cathode to r 
inforce the input grid signal. ‘The two 
voltage regulator tubes merely subiract 
a constant 150 volts from the second 
stage cathode potential in order to 
simplify the voltage division problem 
of feeding back the right percentage 
of the change in the first stage output 
at the de operation point of the first 
stage cathode. 


single chassis). 


The demonstration computer 


\ll the computing components 
were mounted in the box shown atop 


plus a blanking circuit 


ind all 
perma 
has no 
demon 
fixed-function 


the oscilloscope in Figure 3, 
interconnections were 
nently (i.e., the computer 
patchboard). ‘Thus, the 
stration computer 1s a 
special-purpose device. 
In the computer the amplifier in 
puts and outputs are grouped into 
two small 12-pin connectors, and con 
nected to the amplifier chassis. Four 
of the amplifiers are used as integra 
tors; i.e., each has a capacitor connected 
between its input and output within 
the problem box. The additions and 
multiplications by the constants re 
quired by the equations are carried 
out by the operational amplifiers in 
conjunction with and _po- 


made 


vaw 


TC sistors 


Frequency Response by 
Sum or Difference 


F. J. HUDDLESTON 
Westinghouse Air-Arm Div. 


Che performance of a servomecha 
nism is usually evaluated by measuring 
frequency response. This requires that 
the relative amplitude and phase shift 
between the input and output signals 
be measured at a sufficient number of 
frequencies. Accurate measurement of 
phase shift is difficult in practice, and 
very time consuming. Also, when 
many runs are made, the results of 


FIG. 1. Magnitude of sum or difference 
output sine waves 


each run are seldom available as a 
guide for the next run. Quick approxi 
mate methods, such as the reading of 
Lissajous patterns from an_ oscillo- 
scope, are usually not accurate enoug!: 
except for a rough guide, and do not 
leave a written record. 

A new method will now be de- 
scribed which can be used with either 
1 chart recorder or an oscilloscope 


ntiometers for the 
Amplifiers 


sign changers 


tentiometers. Pote 
same function 
5 and 6 are merely 

The other four amplifiers are not 
used directly in the problem, but pet 
form auxiliary Amplifiers 
7 and 8, with inputs from the positive 
and negative regulated supplies of the 
oscilloscope, furnish the plus and 
minus 100 volt reference voltages fot 
the initial-condition ters 
Amplifiers 9 and 10 operate relays 
that switch the integrator inputs from 
the initial-condition potentiometers 
to the “run” 


are ganged 


] 
7 I 
functions. 


potentiom 


connections 


Scope modifications 


Ihe oscilloscope used was an old 
Dumont Model 208B, which was 
modified as shown in Figure 4 to be 
operable down to de on both the X 
and Y axes. Shorting out the ac 
coupled amplifier stages reduces the 
deflection sensitivity on each axis to 
ibout 1 in but this can be 
tolerated in computer applications 
(he SLP1 cathode-ray tube was re 
placed with a long-persistence 
SLP3. 

A capacitor discharge 
added in the grid-cathode 
the oscilloscope to blank 
face when the computer is 
from the “run’ 
“initial condition 
a time constant of 
and is operated by a de relay operated 
by amplifier 9 from the “IC-RUN” 


toggle switc h 


per volt, 


type 
circuit was 
circuit of 
the cope 
switched 
mdition back to 
[his circuit 
several 


has 


seconds, 


2 sin 9/2 = differenc 


Phase shift, 0, deg 


of input and 


of equal amplitud phase shift 


Paper charts produced by this method 
can be read quickly with accuracies 
comparable to older and slower meth- 
ods, while an oscilloscope gives direct 
readings of magnitude and phase shift 
with much higher accuracies than pos- 
sible from Lissajous patterns. 


Sum and difference method 


If the input to a servo is [I] sin et 
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Nen! 
Greater System Accuracy 


and Reliability with the 


PHILBRICK PAR/NTED 


Underside of Model USA-3 showing printed circuit, 
amplifier connection scheme, and connecting terminals. 














Model USA-3 showing one of the several types 
of modular packaging available at extra cost. 
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PRINTED CIRCUIT: Economy, reliability 
and compactness. 


OPEN LOOP D-C GAIN: 10 million. 


@ LONG TERM DRIFT, NOISE and OFFSET: 
under 100 microvolts. 


OUTPUT VOLTAGE RANGE: +115 volts. 
SIZE: 7” x 22” board. 

MOUNTING: Any convenient method. 
PRICE: $95.00. 











CIRCU/T AMPLIFIER 


Model USA-3 


High performance combined with the reliability 
and compactness of a printed circuit design are fea- 
tured in the new Philbrick Universal Stabilized Ampli- 
fier, Model USA-3. It is ideally suited for applications 
to instrumentation, control and analog computation. 
Extremely high open-loop d-c gain, wide bandwidth, 
low noise and wide output range are important per- 
formance characteristics of this new chopper stabilized 
amplifier. An interesting design feature makes this in- 
strument safe against self-destruction, even under pro- 
longed overload conditions or direct grounding of its 
output. At a price of only $95.00, it offers more per- 
formance per dollar than any other amplifier on the 
market today. Write to George A. Philbrick Re- 
searches, Inc., Dept 10, for Bulletin USA-3. 


GEORGE A. 


PHILBRICK 


RESEARCHES, INC. 


230 Congress Street, Boston 10, Massachusetts 
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Circuit for use with cathode-ray oscilloscope 


ind the output is [1] sin (ot—¢), where 
w is the frequency at which the phase 
shift of the servo is to be measured, 
then the difference between the input 
and output is a signal whose frequency 
is the same as the test frequency and 
whose magnitude is related to the 
phase shift of the servo by the expres 
sion 2 sin (4/2); thus 


sin wt — sin (wl — @ 


2 sin 
Magnitude][Frequency] 
Notice that an increment of the 

magnitude |2 sin ¢/2| becomes a pro- 
gressively larger amount of phase angle 
as @ approaches 180 deg. For increased 
accuracy when ¢# exceeds 90 deg, the 
input and output signals can be added 
instead of subtracted; thus: 


sin (wt) sin (wt — ¢) 


| 200 |= wt — s ] 


The value of # for either expression, 
2 sin (6/2)| or [2 cos (¢/2)], can be 
found from the measured magnitude 
by referring to Figure 1. 

he sum and difference method of 
measuring phase angles can be used 
with a paper chart recorder in the 
manner diagrammed in Figure 2. With 
the switch in position 1, the pot is 
adjusted to make the output signal 
equal in magnitude to the input signal. 
[his is usually done initially at a very 
low frequency so that, when making 
later measurements at higher fre- 
quencies, it is only necessary to adjust 
the pot so the recorded magnitude in 
position | is the same. When switched 


FIG 


0° 180° 


4. Special tempiate 


direct reading of phase shift 


to position 2, the sum or difference of 


the input and output sine waves is 
recorded with a magnitude equal to 
2 cos (6/2)] or [2 sin (¢/2)]. Refer- 
ence to Figure 1 will give the phase 
angle very quickly. 

The second channel of a_ two 
channel recorder.can be used as shown 
to plot the output magnitude directly. 

Figure 3 illustrates one way in which 
an oscilloscope can be connected to 
use the sum and difference method. 
When the switch is in position 1, the 
scope is reading the magnitude of the 
output, and the pot can be adjusted to 
make the output equal to the input. 
he reciprocal of the pot reading will 
indicate the relative magnitude of the 
output and can be read directly. When 
the switch is thrown to position 2, 
the difference signal is read on the 
scope face. By using a template like 
that of Figure 4, the phase angle can 
be read directly from the scope. 


Accuracy 


A frequency response was made on 
a known quadratic over the range from 
0.05 cps to 10 cps, during which the 
phase shift varied from zero degrees 
to 160 deg. With reasonable care, the 
sum and difference method yielded 
results accurate within plus or minus 
2 percent, using either a Brush re- 
corder or a 4-in. oscilloscope. In the 
rush of actual field tests, an accuracy 
of plus or minus 5 percent might be 
expected using a paper chart recorder, 
or plus or minus 10 percent using an 
oscilloscope. 

The predominant source of error is 
the inaccuracy in setting the magni- 
tude of the output equal to the input 


signal. An error percent in this 
idjustment results in approximately a 
5 percent error in the measurement 


of the phase angle 


Nonlinearities 

Many servomechanisms produce a 
nonsinusoidal output in response to a 
sinusoidal input signal. Measurement 
of phase angle under these conditions 
is dificult by any method, and the 
accuracy of the results is always un 
certain. The sum and _ difference 
method was tested on a sine wave in 
put in comparison with a triangular 
wave and a square wave. ‘The results 
were accurate within plus OTr minus 
10 percent. 

One of the requirements of the sum 
and difference that the 
input and output signals be equal in 
magnitude. But in a triangular output 
wave the magnitude of the funda- 
mental frequency sine wave is only 
about # the magnitude of the trian- 
gular wave. Therefore, if the peak 
value of the output wave is made equal 
in magnitude to the peak value of the 
input sine wave, the 
the method have not been met, and 
the calculated phase angle will be less 
than the actual value. Similarly, when 
the output tends to be a square wave 
the measured phase angle 
greater than the actual value. 

For compensation, then, when the 
output tends to be triangular, add up 
to 10 percent to the measured value 
of the phase angle; and when the out 
put wave tends to be broad, subtract 
up to 10 percent from the measured 
value. The amount of compensation 
depends on the amount of distortion. 
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All Electric 
Variable Speed Drive 
with Finger-tip Control 


9999999 


iS 
Wes 
The new V*S Jr. gives you instantaneous speed changes, 
even under load, without belts, pulleys, or gears. This 
Reliance Drive puts complete machine control at the opera- 
tor’s fingertips. All functions, jog, start, stop, reverse and 
speed changes are placed in a compact, remote control station. 
The 8 to 1 motor speed ratio puts extra flexibility into your 
machinery. Speeds may be changed through this wide range 
as frequently as required. The motor will operate through a 
100 to 1 speed range for jogging or light intermittent duty. 
There’s a big power cushion in the motor too . . . power for 
smooth speed pick up, even under heavy shock loads, and 
dynamic braking for fast controlled stops without shudder- 
ing or jerking. 
The Reliance V*S Jr. is your answer to machinery drive 
problems in the % to 4 horsepower range. Package construc- 
WIDE tion makes installation easy; just plug it in to a single phase 


SPEED RANGE “i - 220 or 440 volt a-c. line. 


Write for Bulletin D-2505 for complete details. D-1554 


relexelelelenen®@) RELIANCE 13 ELECTRIC 


AND ENGINEERING COMPANY 
DEPT. 5210A, CLEVELAND 17, OHIO 


CANADIAN DIVISION: WELLAND, ONTARIO 
Sales Offices and Distributors in principal cities 
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IDEAS AT WORK 


Selective Control for Gas Distribution 


Flow into local distribution take-offs on natural gas transmission 


lines must not exceed the distribution company’s “demand” contract. 


And, maximum pressure in the distribution system must be controlled 


for safety. 


KEITH PFRIMMER 
The Bristol Co. 


On_ natural-gas_ transmission lines 
with distribution take-offs, it is desir- 
able to limit both maximum flow-rate 
to the distribution svstem and _ the 
maximum pressure in the system. This 
is an ideal application for selective 
control, as the flow must be controlled 
during high load periods, and _ the 
pressure during low load periods. 

The flow must never exceed 
“maximum demand” of the contract 
between pipeline and distribution 
companies; and the pressure, measured 
downstream from the control valve, 
must never exceed the maximum safe 
pressure for the distribution system. 

Figure | is a schematic diagram of 
such an installation at White Plains, 
N. Y., where natural from the 
Tennessee Gas ‘Transmission Co.'s 
pipeline is metered and regulated by a 
selective control system into the dis- 
tribution system of Consolidated Edi 
o. for use in New York City. 
In this system, both flow and pres- 
sure are measured and one control 
valve is operated by selective control 
to prevent either flow or pressure from 
exceeding the predetermined maxi 
mums. 

The flow is measured by an orifice 
and a_ bellows-type differential pres- 
sure transmitter upstream from the 
control valve, and is controlled at or 
below the set-point, depending on the 
downstream pressure. The set-point 
of the flow controller is thus a maxi- 
mum set-point, with its value decided 
by the dispatcher. 

The pressure is measured by a pres- 
sure transmitter downstream from the 
control valve, and is controlled at or 
below its set-point. The maximum 
set-point of the pressure controller is 
determined by the design of the dis 
tribution system and the operating 
conditions decided by the dis 
patcher. 


The 


the 


o 
gas 


son 


upon 


diaphragm-operated — contro] 


This selective control system 


valve is controlled by either the 


pres- 
sure or flow controller 


and is normalh 
closed, requiring pressure on the dia 
phragm top to open. flow con 
troller will operate the valve as long 
as the set-point pressure of the pres 
sure controller is not exceeded. If the 
downstream pressure from the control 
valve attempts to exceed the maxi 
mum set-point pressure, the pressure 
controller through the selective relay 
will take over the valve operation and 
maintain maximum set-point pressure. 
This will occur, for example, when 
the load has decreased below that of 
the set-point value of the flow control 
ler, and the dispatcher is “packing” 


the distribution lines. If the load in 


The 


watches both 


limits. 


if the 


1S lowe! red 


creases once moire, OF 
of the flow controller 
the flow controller will 
control of this valve 
typical chart record 
Plains system. 
Maintenance and opera 
at the White P 
commented very fa 
bility of the inst 
tion. Calibration 
ried out ind 
operating conditions can be 
with a minimum of difficulty 
In an installation such as this, the 
units operate on filtered natural gas 
in place of compressed air which would 
require expensive auxiliary 
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*DIRECT READOUT WITHOUT PROCESSING. 
SELF-DEVELOPING ¢ DRY © NOCHEMICALS . 
z MAXIMUM NUMBER WRITING SPEED Above 30,000 inches per second | 
2 OF CHANNELS 50 Channels OPTICAL ARM. 11 inches— 
: — | < - RECORD WIDTH 12 inches POWER REQUIREMENTS 115 Volts—60 cps 
rv. MAGAZINE CAPACITY 200 feet cTIMING LINES 0.01 and/or 0.10 second intervals 
re RECORD SPEED RANGE 0.0812 to—129.9 inches per second SIZE WYie” x 16'%o” x 242” 


FREQUENCY dc to above 3,000 cps WEIGHT 130 pounds 














EXCLUSIVE 
ADVANCEMENTS 


Up to 50 channels of information 

Uses standard 102.Galvanometers 

Provides timing lines, record numbering. and many other advancements 

30,000 inches per second writing +e with excellent legibility dc to wise 3,000 cps 


Seven inch or twelve inch records 





9 = 

set E Wire for Brochure: FAX-FCB TULSA 
/ MIDWES ERN \\) 
5 i A, | 


y, AJ c 7 R Uu AA 4 ‘ \ / 
P.O.BOX 7186 TULSA, OKLAHOMA 








‘OSCILLOGRAPH 


602 





Mel) 120417 Delma Tilielias tease 
SELF-DEVELOPING © DRY © NO CHEMICALS 


2 MAXIMUM NUMBER WRITING SPEED Above 30,000 inches per second 
". OF CHANNELS 50 Channels OPTICAL ARM 11 inches— 

— RECORD WIDTH 12 inches POWER REQUIREMENTS 115 Volts—60 cps 
re MAGAZINE CAPACITY 200 feet TIMING LINES 0.01 and/or 0.10 second intervals 
ve RECORD SPEED RANGE 0.0812 to—129.9 inches per second SIZE Wis’ x 16'V6” x 242” 
A FREQUENCY dc to above 3,000 cps WEIGHT 130 pounds 
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ADVANCEMENTS 


Up to 50 channels of information 

Uses standard 102 Galvanometers 

Provides timing lines, record numbering and many other advancements 

30,000 inches per second writing speed with excellent legibility dc to above 3,000 cps 


Seven inch or twelve inch records 
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CONTROL 


LISTING IN GROUPS 


ENGINEERING 


Research & Development Power Supplies 
Measurement & Data Transmission Final Control Elements 
Information Display Instruments Component Parts 
Control Devices Accessories & Materials 


LOW-COST COMPUTER features new amplifier 
overload indicating system. 


Introduced at the recent WESCON show, the new Donner 
Model 3100 Analog Computer fills the need for a versatile, 
low-cost, medium-sized computer. Standardized mass produc- 
tion holds the price to just over $15,000. Thirty stabilized 
amplifiers, 40 coefficient potentiometers, a stable reference 
supply, and all associated circuitry are housed within a single 
desk-type console. 

Designed for easy expansion in the future, the unit has 
plug-in, dual stabilized amplifiers and plug-in potentiometer 
modules. Top photo left shows the well organized console as 
it appears to the operator. On the right side of the back panel 
is the Aircraft-Marine Products removable panel board. This 
board will not only handle the 30 amplifiers, 40 pots, six func 
tion generators, and eight channels of multiplication, but will 
also have 40 terminals left for other problem boards or non- 
linear equipment. 

Operational amplifiers have a de gain in excess of 30 mil- 
lion. When connected as a unity inverter, maximum offset 
is below 200 mv. When operated as a unity integrator, 
maximum drift is less than 100 mv in 15 min. Unique over 
load system permits an indicator to remain energized even 
after the briefest of overloads. This gives the operator a com 
plete history of amplifier performance. 

Silicon diodes are used in both the power and reference 
supplies for better regulation and weight reduction —Donner 
Scientific Co., Concord, Calif. 

Circle No. 4 on reply card 


ENCODER has no active contacts. 


A new method for the precise and reliable conversion of 
current, potential, or impedance levels into digital form is 
now available. Known as ADIT (Analog-Digital Integrating 
Translator), the system has no active electrical contacts, thus 
eliminating a possible cause of system breakdown. 

Particularly suited to applications requiring continuous 
converter system operation, ADIT features the following 
operating specs: 

e Digital resolution—1 part in 10,000 
e Analog resolution—cold start, 5 microvolts or 0.1 micro 
amp; after warmup, | microvolt or 0.02 microamp. 
¢ Typical ranges—1 milliamp, 50 millivolts. 
e Accuracy—0.01 percent full scale on above ranges. 
¢ Output—4-decade decimal scaler. 
¢ Power—115 volts, 50-1600 cps, 130 watts.—Daystrom, Inc., 
Murray Hill, N. J. 
Circle No. 2 on reply card 











TONE-LINK fills remote control bill. 


Ihe type TT-1 tone telemetering equipment providc 
a frequency-division multiplexing system with up to 18 chan 
nels for remote instrumentation and/or control] over a singk 
transmission medium. Because of the design simplicity of 
an on-off type of operation, and because of its excellent sig- 
nal-to-noise performance, the Type ‘I'T-1 equipment is very 
reliable. Transistor circuitry offers maximum dependability. 

In operation, the system converts circuit closures of vari- 
able duration to cither the presence or absence of any one of 
18 audio tones of equivalent duration. ‘These tones, ranging 
between 420 and 2,460 cps, are transmitted over wire, radio, 
or microwave facilities, and are reconverted at the distant 
terminal into their equivalent circuit closures. This is donc 
by keying a tone-generating transmitter, thereby causing that 
tone to be amplified and transmitted, via the communications 
facility, to the receiving point. There it is separated from 
other on-off tone signals by a two-stage toroidal filter. 

One obvious application of this equipment is remote level 
control. For example, in a municipal water system, levels 
can be monitored in reservoirs, standpipes, and elevated tanks, 
ind automatically controlled simply by adding a second T'T-1 
auto tone circuit. The schematic, right, shows such an ar 
rangement. A float-activated Chronoflo transmitter is fed to 
a TT-1 transmitter at the reservoir site. When the level falls 
below a predetermined value, the length of the pulses trans- 
mitted to the control station cause the pen-recorder to close 
auxiliary contacts in the recorder mechanism. [hese contacts 
are wired to a second T'T-1] transmitter at the control centet 
which remotely energizes a relay at the reservoir to start a 
pump operating. When the water has reached its proper level, 
indicator contacts will open and the pump will be turned 
off.—Warren Mfg. Co., Inc., Littleton, Mass. 

Circle No. 3 on reply card 


FLOATED FREE GYRO stands 75g impact. 


Pictured is the new Type F20 gyroscope, an_isoelastic, 
fully floated free gyro having synchro pickoffs on both gim- 
bals. Gimbal prepositioning or commanding is accomplished 
by means of torquers which will precess the gimbals at rates 
up to 2 deg per sec. The gyro drifts at a rate less than 1 deg 
per min in the presence of vibration loading up to 15 g 
directed along any axis at frequencies in the range of 10 
to 2,000 cps. Scorsby drift rates of less than 0.25 deg per min 
are standard. It is also claimed that the instrument will with- 
stand impact accelerations up to 75 g. A second model, the 
I'ype FC 35 (not shown), is a cageable unit and is available 
with either potentiometer pickoffs on both gimbals or a syn 
chro pickoff on the outer gimbal only.—Davystrom Pacific 
Corp., Santa Monica, Calif 

Circle No. 4 on reply card 


NEW READOUT speeds chromatography. 


A bottleneck in the use of gas chromatographs is the time 
consumed in computing areas under the curves. This can 
often take as long as the analysis itself. 

An instrument is now available that will automatically 
integrate these areas and present the results in digital form. 
I'wo counters are provided on the front panel for alternate 
use. This permits the area of one peak to be accumulated 
on one counter while the reading on the other is being jotted 
down by the operator. A selector switch also allows changing 
from one counter to the other. The unit contains no vacuum 
tubes or relays.—Southwestern Industrial Electronics, Hous- 
ton, Tex. 

Circle No. § on reply card 
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TRANSISTORIZED 
FREQUENCY-to-VOLTAGE 
CONVERTERS 


MEASURE AND CONTROL: 
¢ Flow Rate ¢R.P.M. 
* Power Frequency 
* Linear Speed 





MODEL FR-302 
SUBMINIATURE 
CONVERTER 


Detects AC signals 

down to low amplitude 

levels, converts to O—5 volt DC 

signal proportional to frequency 

within .2%, gives .25% long term 

stability with less than .002% per 
degree temperature coefficient. 








Compares power 

frequency with internal 

tuning fork reference, gives O—5 volts 
DC between 370 and 430 cps, with 
-05% overall accuracy under severe 
vibration and temperature conditions. 








20 standard modifications of the 
FR-300 series converters are 
available to suit every airborne 
and ground requirement. 














... covering flow 

rates from .065 

to 6000 GPM... 

are standard test- 

ing equipment in 

the newest mis- 

siles and aircraft, 

where the ultimate in reliability and 
accuracy are required. 
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Write for Complete Data 


STanley 3-1055 


\ ENGINEERING COMPANY 


MEASUREMENT AND CONTROL 





FLOW 
7842 BURNET AVENUE, VAN NUYS, CALIFORNIA 
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NEW PRODUCTS 


RESEARCH, TEST, 
& DEVELOPMENT 





HIGH VOLTAGES 


Shown is a high-voltage vacuum tube 
voltmeter designed to measure volt 
ages of various waveforms, including 
pulses, at frequencies from 10 cps to 
20 megacycles, with an accuracy of 
plus or minus 3 percent. Higher fre- 
quencies can be measured with a slight 
loss in accuracy. The linear meter 
scale provides full-scale readings of 2.5, 
5, 10, 25, 50, and 100 kv. A vacuum 
capacitor voltage divider is used at each 
of the two inputs. Range may be dou 
bled by installation of accessory vac- 
uum capacitors on the high-voltage 
probes.—Jennings Radio Mfg. Corp., 
San Jose, Calif 

Circle No. 6 on reply card 


PRIMARY STANDARD 


Pictured is a new direct-reading, fre- 
quency-sensitive, null-indicating capac- 
itance bridge. Designed for precise 
capacitance and dissipation factor 
measurement for two-and three-ter- 
minal capacitors, the unit has a capaci- 
tance accuracy of 0.1 percent or 0.2 


wef, whichever is greater, and a dissi 
pation-factor accuracy of 2 percent or 
0.0001, whichever is greater, over a 
range of 0.0001 to 0.1. Built as a pri- 
mary standard in calibrating secondary 
standards, the unit contains its own 
400-cps frequency regulated powe1 
supply and operates from single-phase 
115 vac, 60 cps.—Daystrom, Inc., Mur- 
rav Hill, N. J. 


Circle No. 7 on reply card 





COMPUTER ENTRY 


The Model DR-704/711 Compu- 
Corder prepares digital test data on 
magnetic tape in exact computer 
format. It gathers asynchronous 
digital information from several ex- 
ternal sources and combines them in 
any selected sequence, together with 
record numbers and manually in- 
serted fixed data. Core storage allows 
input data to be accepted at peak 
rates of up to 40,000 12-bit words 
per sec. A 20-bit parallel input 
simultaneously accepts an average 
input of 1,000 words per sec. The 
last record number and the last test 
data value are indicated.—Epsco, Inc., 
Boston, Mass. 


Circle No. 8 on reply card 


RECTANGULAR WAVES 
The Model RWG-S8A_rectangular- 


wave generator is said to be the first 





DELCO HIGH POWER 
TRANSISTORS 


Now available... 
FOUR new types! 
New LOWER prices! 








Typical Characteristics 
at 25°C 





Maximum Collector Current 13 amps 





Collector Voitage, Emitter Open 60 volts 





Saturation Voltage (12 amps) 0.7 voit 





Power Dissipation 


5 5 wetts 





Thermal Gradient from Junction to Mounting Base 1.2° °C/wer 





Nominal Base Current 
le (Vec= —2 volts, ip = —1.2 amp.) 


-26 ma 





Distortion (Class A;, 10 waits) 


5% 
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Delco Radio offers four new alloy junction germanium PNP 
transistors to meet an even wider range of applications. Like 
all of Delco Radio’s High Power transistors, these are charac- 
terized by high output power, high gain and low distortion. All, 
too, are normalized to retain their fine performance charac- 
teristics regardless of age. Furthermore—these new types are 
all in volume production. Other types are available at new, 
lower prices. Data and application sheets and price lists are 
available upon request. 


DELCO RADIO 


Division of General Motors 
Kokomo, indiana 
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Design a miniature audio input transformer for airborne operation. 
Transformer to operate in an ambient temperature of plus 85°C, and to 
conform to the applicable parts of MIL-E-5400 and MIL-T-27. Duty 
cycle to be continuous with a minimum life of 1000 hours. Transformer 
to couple a 300 ohm source to a tube grid. Step-up turns ratio to be 
1:17 minimum, with the maximum possible desired. Frequency response 
to be flat within 0.75 db from 20 cps to 7000 cps, and flat within 1.2 db 
from 15 cps to 10,000 cps. Maximum signal level to be 500 mv @ 20 cps 
in 300 ohm primary. Electrostatic shield required between primary and 
secondary. Electromagnetic shielding to be 40 db minimum. Size to be 
kept minimum but must not exceed 1-1/8” x 7 8" x 1-3 8” high. 


SOLUTION BY PEERLESS 


Audio Transformer, low level input, miniaturized. 
Construction: Grade 1, Class A, MIL-T-27 

Duty Cycle: Continuous 

Life: Greater than 1000 hours. 

Ambient Temperature: + 85°C max. 


Primary: Three terminal, center-tapped winding, 300 ohms nominal 
impedance. 


Secondary: Two terminal winding, 125,000 ohms nominal impedance. 
Turns ratio: 1:20-1/2 

Electrostatic Shield: Between primary and secondary. 
Electromagnetic Shield: 45 db 


Frequency Response: 20 cps—7500 cps, flat within 0.5 db and 
10 cps—10,000 cps, flat within 1.0 db with 
125,000 ohm load. 


Maximum Input Voltage: 500 mv at 20 cps 
Dimensions: 1” x 11/16” x 1” high —1/8” terminal 


The Peerless engineering staff has had a long and successful 
history of designing transformers to unusual and difficult specifications. 
Knowledge of this outstanding accomplishment is one of the reasons 
that Peerless transformers are the first choice of engineers throughout 
the country. Uniform dependability is assured by the most rigid quality 
control and advanced custom production techniques 


Consult Peerless for the best solution to your quality transformer requirements. 


PEERLESS 


Electrical Products 
9356 Santa Monica Bivd., Beverly Hills, Calif. / 161 Sixth Ave., New York 13, N.Y. 
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NEW PRODUCTS 


of a-line of modular instruments hav 
ing self-contained power supplies for 
operating directly from 117-volt, 60- 
cycle current. Featuring output rise 
and fall times of 0.25 microsec, the 
instrument converts a sine wave Or any 
other periodic waveform into a rect 
angular wave of the same frequency. 
A front-panel switch even permits rect 
ingular waves to be generated at the 
power-line frequency. Optional fea 
tures include an amplitude control and 
variable bias. Case dimensions arc 
13 in. by 8 in. by 84 in., with a front 
panel that mounts in a half-width re 
lav rack. Weight is 3 Ib, 2 0z.—Flcor, 
Inc., McLean, Va. 


Circle No. 9 on reply card 


INDEX STAND 


Designed to hold and _ accurately 
locate the rotor shaft of a synchro 
to a desired angular position with 
respect to the stator, this new index 
stand is used in conjunction with 
other test equipment to determine 
such synchro parameters as electrical 
error, transformation ratio, perpen 
dicularity, and fundamental and rms 
null voltages. Features include in 
terchangeable adapters for size 8, 11, 
15, and 18 synchros; a micrometer 
head with drum dial marked off in 
60-sec increments; and compliance 
with MIL-D85 12.—Kearfott Co., Inc.., 
Little Falls, N. J. 


Circle No. 10 on reply card 


MEASUREMENT & 
DATA TRANSMISSION 


PLASTIC VENTURI 


An insert type venturi flow nozzle, 
fabricated of Fiberglas-reinforced 
polyester plastic, is now available for 
metering many of the corrosive 





For 
high-speed 
switching 


CBS 
HIGH-FREQUENCY 
TRANSISTORS 


2N438 
2N439 
2N440 


These transistors are designed for high- 
speed switching, control, analog and digi- 
tal computer applications. All three are 
available in symmetrical versions, and 
they feature: 

1. JETEC Case . . . employs a standard 
metal case (with .200 inch pin spac- 
ing) welded to achieve reliability never 
before approached with NPN transis- 
tors. 

{lloy-Junction ... for greater uniform- 
ity, higher voltage and current, flatter 
gain, and lower saturation resistance. 

Note the many desirable features. Write 

for Bulletin E-268 giving complete data 

and helpful application notes. 





eeeseeeeceeeeeeeeeeeeeeeeeeeeeee 
CHECK THESE FEATURES 
. High frequency response 
2N438 2.5 to 5 mc. 
2N439 5 to 10 mc. 
2N440 10 to 20 mc. 
. High operating voltage up to 30 volts. 
. High switching speed below 0.2 usec 
. High current amp. factor up to 100. 
. High dissipation rating up to 100 mw. 
. Low leakage current 3 wamps av. 
. Low base resistance 150 ohms av. 
. Low collector capacitance 10 psf. 
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Reliable products 


through Advanced-Engineering. 


semiconductors 


® 


CBS-HYTRON 
Semiconductor Operations, Lowell, Mass. 
A DIVISION OF COLUMBIA BROADCASTING SYSTEM, 
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KONRAD R. M. S. ANSBACHER (STANDING) LEADS DISCUSSION OF 
SIGMA DEVELOPMENT WITH A VARIETY OF SECTION HEADS. 


Sigma Advanced Scientific Team 


... constant challenge 


Original exploration by Sigma’s staff 
scientists at the top level often yields not 
only marvelous new concepts, but occa- 
sional answers to lower order problems 
as well. In the unposed scene above (our 


to the pinnaticerebric 


“Square" to his colleagues) has made an 
electrifying suggestion concerning the 
Series 8000 Magnetic Amplifier Relay: 
plug it in to see if it works! Here is the 
kind of unfettered, creative thinking that 


last meeting), world-renowned theoretical 


has made all industry react swiftly at the 
application engineer Ansbacher (plain 


mention of our name. 


Carrying on from their leader’s initial dis- 
covery, the group rapidly uncovered more 
and more secrets of the “Mag-Amp” —some 
by intensive thought, others by unsoldering 
certain enclosures. It was soon agreed by all 
members that Magnetic Amplifier Relays were 
excellent devices for detecting unbalance (a 
sizable number are in use at Sigma’s own 
plant), and comparing the outputs of low 
impedance D.C. signal sources. On went 
the discussion, out came the applications, 
higher and higher rose the enthusiasm as 
each new specification was added to the list. 
Predictions flew of uses in temperature control 
devices with thermistor bridges, thermo- 
couples and such, light-sensitive equipment, and wherever 0.1 microwatt is the most 
you can get to switch 1 to 5 ampere loads at 120 VAC. A caution was voiced over 
the Magnetic Amplifier Relay’s slow speed (30-300 milliseconds), but was cast aside 
as usually not a consideration. Final moments were devoted to eulogizing such virtues 
as ruggedness, long life (in the millions) and availability in practically any state of 
completeness and with whatever Sigma relays necessary to suit the customer's whims. 
In the warm camaraderie that comes from the knowledge that one of their products 
is both useful and in production, the distinguished little group rose and in unison 
repeated their oath: “Exitus, ab eloquentia confusio.”* 


*Literally, "Success, from eloquent confusion", but generally interpreted 
"Go, before you get things any more confused.” 


SIGMA INSTRUMENTS, INC. 


69 Pearl Street, South Braintree 85, Massachusetts 
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fluids for which metal constructions 
are unsuitable. Nonoxidizing acids, 
corrosive salts, and weak alkalis, as 
well as some alcohols, formaldehyde, 
refinery crudes, and gasoline, can be 
handled by this new plastic design 
Line sizes range from 2 in. to 24 in. 
and head recovery is said to be quite 
high. Units are suitable for pressures 
to 150 psig and temperatures to 250 
deg F. Features include an un 
calibrated accuracy within plus ot 
minus 1 percent of the actual flow 
rate, and a wide pH range.—Builders 
Providence, Inc., Providence, R. I. 
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PLASTIC COATED BULB 


Designed exclusively for use in 
metal finishing operations, this new 
temperature regulator has a resistant 
plastic coating over its bulb and 
capillary. Called the No. PA-2, it 1s 
available in seven valve sizes from 
1 in. to 14 in. Several bulb sizes 
are also available.—Robertshaw-F ulton 
Controls Co., Knoxville, ‘Tenn. 
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USES 4-ARM BRIDGE 


New Type 4-317 pressure pickup is 
available in nine pressure ranges from 
100 to 5,000 psi and can be operated 





“Ampex Instrumentation Tape” bows in with facts and figures 





Whether you are a believer in heredity or en- 
vironment, here is a mighty offspring to watch. 
Ampex Instrumentation Tape shares a distin- 
guished family name with Ampex’s Tape Record- 
ers. It inherits a wealth of experience. It is grow- 
ing in a fertile environment of research, testing, 
and process improvement. 

For many years each new Ampex Tape record- 
er has been a significant advancement in the state 
of the art. But in making these forward steps, 
Ampex’s engineers repeatedly have come face to 
face with need for improvements in tape as well. 
Ampex is now sharing research and knowledge 
with Orradio Industries to set new standard in 
tape excellence. Orradio is originator of the Ferro- 
Sheen process — also is the largest manufacturer 
dedicated exclusively to magnetic tapes. 


PREMIUM QUALITY 
FOR SLIGHT EXTRA COST 
Ampex Instrumentation Tape 
is a superior quality sold at slight- 
ly higher price than regular in- 
strumentation grades. For this 
difference it offers a number of 
special advantages. Each indi- 
vidual reel is tested for freedom 
from dropouts. Uniformity from 
reel to reel is maintained to 
+0.5 db. Within the reel, it is 
+ 0.25 db. All the types we offer 
are compatible to each other 
and require no special bias set- 
tings. These are specifications we 
invite you to test for yourself. 
Ampex tape can soon be or- 
dered with precision reels. These 
greatly improve tape guidance 
and provide uniform, distortion- 
free tape wrap. A center plastic 
strip grips the tape to start. 


TWO QUALITIES 
YOU CAN EASILY TEST 
An oxide surface of excep- 
tional smoothness distinguishes 
Ampex Instrumentation Tape 
from others. It is achieved by 
the Ferro-Sheen process. There 
are no small surface projections 
to rub off and accumulate oxide 
on heads and guides. The micro- 
scopic flatness also achieves bet- 
ter tape-to-head contact elimi- 
nating “noisy” variations in sig- 
nal strength. Also, Ampex tape is made with a 
binder of exceptional adhesive strength. Try to 
strip the oxide off a sample of Ampex tape. Then 
compare it with others. 





The completeness and ac- 
curacy of specifications 
that have always distin 
guished Ampex recorders 
are extended to magnetic 
tape too. The new Ampex 
magnetic-tape brochure 
clearly differentiates the 
kinds of tapes we offer 
and gives relevant speci- 
fications, features and 
tape-testing techniques. 
May we send you a copy? 


AMPEX FIRST IN MAGNETIC TAPE INSTRUMENTATION 


ONE OF A SERIES 








CORPORATION 


934 CHARTER STREET - REODWOOD CiTyY. CALIFORNIA 


District offices serving all areas of the United States and Canada; Foreign Representatives in countries around the world, 








COMMAND COMMAND SYNCHRO AUTO PILOT 


PE ae Ba nel POSITIONER || CONTROL NEW PRODUCTS 





























continuously it 5 ve Its Maximum 1 


LEFT RIGHT put over a temperature range of minus 
» a / a. 


350 to plus 600 deg I’, with allowabl 
transients up to 750 deg F. Linearity 





Ph - 

A and_ hysteresis deviations combined 
( are less than 1.5 percent of full-rang¢ 
CLIMB DES END output. Unbounded strain gages con 
| y nected in a four-arm bridge compris¢ 
the sensinz clements of this variable 
resistance-tvpe transducer. Just @ in. 
in diam and 3 in. long, the unit weighs 
30 grams.- Consolidated Electrod\ 

namics Corp., Pasadena, Calif. 
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STEPPER 


SYNCHRO POSITIONER 


Accuracy: Within 6 min. of arc DENSITY GAGE 
when driven by either motor. 


ae i ; Called the Medel LSG, this new 
eemncag shaft rotation: ‘ standardized radioactivity densitv gage 


will measure or control process varia 
bles by measuring the density, specific 
gravity, or percent solids of the process 
material. Installed on a 10-in. diam 
pipe, the instrument will coyer a span 
of 0.2 with a precision of plus or 
minus’ 0.004. Because all measuring 
components are externally mounted, 
operation of the unit cannot be ad- 
versely affected by conditions of high 
or low temperature, pressure, viscosity, 
abrasion, or corrosion. Power supply 
voltage is 110 volts, 60 cycles.—The 
Ohmart Corp., Cincinnati, O 


This is one of the many applications for the Stepper Circle No. 14 on reply card 
Motor — a device for translating electrical pulses 

into accurate, bi-directional, incremental shaft dis- 

placements. 


The Synchro Positioner uses two Stepping Motors, an Autosyn 
differential, and a built-in pulse generator. One motor positions 
the Autosyn Shaft in coarse increments in either direction, while 
the other motor, using a different gear ratio, positions the same 
shaft in vernier increments in either direction. As the reset com- 
mand signal is of steady-state type, the built-in pulse generator 
permits use of the driving motors for the reset function. 


) MEASURES TO 800 DEG F 
STEPPER MOTORS corporation 


Here is a highly sensitive, variable 
Subsidiary of California Eastern Aviation, Inc. resistance temperature probe with 


re S 35 tO | 7 
7442 West Wilson Avenue ¢ Chicago 31, Illinois ge Se seenen 770 to pans SOO Ang | 


Standard models have a resistance of 
e WEST COAST - - - 11879 W. FLORENCE AVE. - - - CULVER CITY, CALIF. 200 ohms at room temperature. Higher 
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for circuits requiring utmost voltage economy 


EOL ONDED) Radio Receptor 
Vo - | ait’ 2 d 
Germanium Diodes 


10OMA forward current 
with a maximum loss 
of only .37 volts! 


PICAL FORWARD This extremely low controlled forward volt 
age drop combined with fast transient 
response makes these. diodes ideal for 
AT 25°C transistorized circuits, computers and 
other applications where conservation of 

power is of prime importance 


CHARACTERISTIC 


Characteristics at 25° C 


DR 385 DR 434 
Forward voltage drop 
@ 10MA 


CURRENT 


Minimum 
Maximum 


Maximum reverse 
current at --10V 


Peak inverse voltage 


Maximum ratings at 25° C 

Maximum inverse 

operating voltage 50V 30V 20V 
Continuous DC 

forward current 100MA 100MA 100MA 
Surge current for 

1 second 500MA 500MA 500MA 
Average power 

dissipation 80MW 80MW 80MW 


Derating above 25° C 10MW/10°C 10MW/10°C 10MW/10°C 


Available now in production quantities 


2 3 for immediate delivery 
VOLTAGE 


For further information on these, or any other RRco. diode type, 
write today to Section | 
re 
RADIO RECE TOR COMPANY, INC. 
Subsidiary 0 os Instrument Corporation 


240 Wythe Avenue, Brooklyn 11, N. Y. + ay Mange a 


Selenium Rectifiers 


PRODUCTS SINCE 1 Heating Generators & Presses Piimeian tion « nokanler keaton 
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with GUARDIAN 
~ STEPPERS 


PROGRAMMER 


e reliable e rugged e long-life 


@ Guardian offers this new, compact, rugged, long-life, 
highly reliable Programming Stepper which meets and ex- 
ceeds MIL-S 25259 (Proposed). Approved and used for con- 
trol of guided missile and in-flight equipment, it is available 
now for a wide variety of control engineering projects in- 
cluding automated production systems, machine tools and 
industrial products. Use it singly, or in combination with 
Guardian relay matrixes, control banks and in complete 
control assemblies as the “heart’’ of your unit. Open or 
sealed, it operates under extreme temperatures, high alti- 
tude and severe vibration or shock. Carries 8-12-18 or 24 
points sealed or unsealed; up to 16 wafers and unlimited 
switching arrangements. 


MORE POWER is efficiently distributed by the unique de- 


sign of the ratchet mechanism. 


LESS SPACE required to make your product more compact, 
more efficient, more saleable. 


Thousands of Variations 
in Guardian’s Complete Stepper Line 


P.E.R. 


| NEW PRODUCTS 


values are available and are dependent 
only on the size of the immersion 
unit. Designed to resist abrasion and 
environmental stresses in air or fluids, 
the instruments are AN threaded for 
easy insertion into tapped holes. 
Tested to withstand pressures consid 
erably higher than 3,000 psi, the 
probes are suitable for applications 
such as measuring jet engine exhaust 
temperatures, etc. All probes have a 
nominal temperature coefhcient of re- 
sistance of 0.003 ohm per ohm-deg C. 
Repeatability is within 0.5 percent. 

Giannini & Co., Inc., Pasadena, Calif. 
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FLIP TO CALIBRATE 


Calibration of this new SLM quartz 
accelerometer requires just a simple 
flip of the hand. Turning it upside 
down in the earth’s gravity field gen- 
erates a signal of 2 g’s. This static 
calibration feature eliminates the un- 
certainty in vibration amplitude meas- 
urements. In addition, the unit fea- 
tures fast response, high accuracy, and 
extreme ruggedness. ‘The model shown 
has a 0 to 4,000 cps frequency range 
and will operate continuously at 500 
deg F.—Kistler Instrument Corp., 
North Tonawanda, N. Y. 
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ELECTRICAL RESET 
STEPPER 


2c} ‘ > oe > : 
Write tor details on Guardian's Programmer and for Stepper Bulletin P-84 Designated the Auburn HP 10, this 
| new liquid-level control electrode is 


| rated for pressures to 10,000 psi and 
GUARDIAN WELECTRIC | Se es 
MANUFACTURING COMPANY developed for removing water from 


Z helium gas, the device should find 
1623-L W. WALNUT STREET, CHICAGO 12, ILLINOIS a number of laboratory and chemical 


ELECTRICAL RESET CONTINUOUS ROTATION CYCLING RATCHET ADD AND SUBTRACT 
MIDGET STEPPER STEPPER MIDGET STEPPER STEPPER 


FOR HIGH PRESSURE 
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ASWVG literature 


simplifies choice of 
electromagnetic control 


New catalogs offer design engineers important reference tools 
MASTER CATALOG 57-S 


More than a catalog, this complete volume supplies comprehensive 
design engineering data on automatic transfer switches, remote control 
switches, contactors, relays, solenoids, and electric plant control. 

For the engineering specialist who is concerned with components 

of the ASCO electromagnetic control line, individual catalogs 

are available covering: 


ELECTROMAGNETIC 
CONTROL 





57-S1 AUTOMATIC TRANSFER SWITCHES 
... designed to transfer a ioad automatically 
from a normal source to an emergency 
source upon failure or reduction in voltage 
of normal source. For all classes of load, 
mechanically or magnetically held. 


57-S2 REMOTE CONTROL SWITCHES 

. . . for convenient and accessible control 
of power and lighting. circuits from any 
number of contro! stations. For all classes 
of load, mechanically held. 


57-S3 CONTACTORS 

pa ie to allow unlimited combina- 
tions, inc multi-pole, special contact 
arrangements and materials, and other 
Pe repens to fit” cngoe For all — 
r ; open normally closed, 
Scapurticatiy tall 





57-S4 RELAYS 
. . » Magnetically and mechanically held in 
unlimited pole combinations — plus a highly 


57-S5 SOLENOIDS 


.. AC and D-C, catalog listed or engineered 


to your requirements. 


57-S6 ELECTRIC PLANT CONTROLS 
. . . complete systems and components, par- 
alleling, changeover, and alternating panels, 





diversified line of special purpose relays 


load-demand controls, 
listed as standard catalog items. vig eye name - 


adapter units. : 





Additional technical literature... 

Also available is the ASCO engineering study, 
“Factors to Consider in the Selection of Auto- 
matic Transfer Switches.” 

Catalog 201 on ASCO Solenoid Valves covers 
more than 1300 types—2-, 3-, and 4-way 
with standard, explosion-proof or watertight 
enclosures—in a wide range of body materials. 


Any oi these important reference tools may be had simply by writing 
Automatic Switch Company — on company letterhead only, please. 


Automatic Switch Co. 


50-G Hanover Road, Florham Park, New Jersey 
FRontier 7-4600 








save valuable 
=Talolial-(-lalale miles l—m 


HEATH LElectronic Analog Computer Kit 


In the college classroom, or “on 
the job ‘in industry, the Heathkit 
Analog Computer solves physical 
ola@maal-veuar-lalier- tm eluelel(-tat-wme) 7 


cit cten (ge lal lom-tiasleil-lilela) 


of conditions. Full kit $945°° 


permits engineering or research personr 
physical problems electronically, and save many hours 


calculation 


tdeal for industry, research, 
Incorporates such features as: 
¢ 30 coefficient potentiometers, each capable of being set with extreme accuracy. 


¢ 15 amplifiers using etched-metal circuit boards for quick assembly and stable 
operation. 


e A nulling meter for accurate setting of computer voltages 


« A unique patch-board panel which enables the operator to ‘‘see’' his computer 
block layout. 


Because it is a kit, and you, yourself, supply the labor, you can now 


aff ard this instrument, which ordinarily mi iht 


details today! 


FREE 
FOLDER 





HEATH COMPANY 
A Subsidiary of Daystr 
BENTON HARBOR 36, MICH. 


Get the complete fomputer 
story from this four-page 
folder, available freel 
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processing applications. Construction 
features include a new type glass 
center electrode seal and a 95 per 
cent aluminum oxide _ insulator. 
Auburn Spark Plug Co., Auburn, 
ma i. 
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EASILY INSTALLED 


Both fast and slow transient pressures 
at any two points in a hydraulic o1 
pneumatic system or on an acrody 
namic model can be measured with a 
new differential pressure indicator. 
The instrument can also be used for 
short term measurements of the dif 
ference or sum of steady pressures, 
again at any two points. Maker claims 
the instrument is the only commercial 
fast-response_ crystal-tvpe transducer 
that can be calibrated by conventional 
static methods. Momentary ground 
ing of the input signal removes all the 
electric charge generated by the static 
pressure, and permits the measure- 
ments of a 0.1-psi change in differen 
tial pressure at a 3,000-psi level. High- 
pressure adapters can extend this range 
to 100,000 psi if necessary. Frequency 
range of the pickups is from 0 to 50,- 
000.—Kistler Instrument Corp., North 
Tonawanda, N. Y. 
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INFORMATION 
DISPLAY 
INSTRUMENTS 


SEMIAUTOMATIC 


The Model 601 Linear Planimeter, a 
small desk-size unit, can be used for 
integrating data from chart recordings 
of all process characteristics such as 
flow, pressure, temperature, etc. De 
signed to accept chart sizes up to 3 





2 Pressure operated selector vaivel 
and relief vaive! 


4 Check vaive! 


3 Regulator and by-pass vaive! 
S Restrictor 


Solenoid operated pilot vaive! 


- 


dal 
NeW * =a 


dimension 4 
Talmere)ea)elo)a\—ialaum 
elclel tole 


Weston’s Pneumatic Actuator Control Valve Package 


Combines 6 Components in a Single 6.4 Ib. Unit! 


While controlling the pneumatic actuator, this weight and space saving valve also 

provides for snubbing pressure at the opposite end of the stroke. It affords extremely fast 

operation (maximum at .04 seconds) and low leakage (10 cubic inches per hour). 

The selector valve is non-interflow and detented to maintain position. If you have a weight and space 


problem, let Weston’s tearn of specialized package engineers solve your specific application. 


a subsidiary of Borg-Warner Corporation 
HYDRAULICS LIMITED 10918 BURBANK BLVD., NORTH HOLLYWOOD, CALIF. DEPT. CE-10 
Export Sales: Borg-Warner International 36 South Wabash Ave., Chicago 3, Illinois 
Eastern Representative: Mr. W. R. Beckerie 14 South Boro Lane, Glen Rock, New Jersey Telephone: Glibert 4-2094 


Midwest Representative: Mr. E. A. Polowniak 11767 Fawnridge Drive, Kirkwood, Missouri Telephone: YOrktown 6-486] 
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OWENS-CORNING FIBERGLAS CORPORATION 
DEPENDS ON 


NORTH RVF SWITCHES 
NORTH RELAYS 


TO CONTROL 
PRODUCT FLOW 
AND PROVIDE 
COMMUNICATIONS 
AND 
AUTOMATIC TALLY 


¢ 


sae eae ae eee eee 


NEW PRODUCTS 


in., it features a variable-speed, foot- 
control drive that permits the operator 
to traverse at any desired speed. The 
pointer is positioned by means of a 
hand-controlled knob. The unit can 
handle 2 ft of chart in 15 sec, with 
an optimum accuracy of 0.1 percent. 
Power requirements are 35 watts at 
115 volts ac or dce.—Librascope, Inc., 
Glendale, Calif. 
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RESPONDS TO 0.5 DEG F 


An on-off signaling type, this new 
transistorized temperature controller is 


adaptable to either thermocouples or 
resistance bulbs. Maker says the unit 
can act on a change of only 4 deg F. 
Regular ac line voltage precludes a 
standard cell and battery and thus 
the need for period standardizing. 
Calibration is guaranteed to within 
North RVF Switches, North Relays and North } of 1 percent of scale span.—Thermo 
Connectors assure reliable low-cost production Electric Co., Saddle Brook, N. J. 
control of finished goods in the new Barrington, Circle No. 20 on reply card 
New Jersey, plant of the Owens-Corning Fiber- 
glas Corporation. 











From the central North-built control station 
the following functions are controlled: 


1. Product Flow — through gate control of a com- 
plex conveyor system. 


. Communications — to all key production areas. 


. Automatic Tally — provides recorded product 
count per production order with facilities for 
direct input to the accounting system. 


For any industrial application calling for re- 
lays, switches, or other switching components, 
you can rely on 


INDUSTRIAL DIVISION 


NORTH ELECTRIC COMPANY ge 


7410 SOUTH MARKET STREET * GALION, OHIO tart ee = ee 
Available in Canada through Ericsson Telephone Sales of Canada, Ltd., Montreal 8, P. Q. Se lhe Model TIR-6L electronic poten- 
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Further technical data, prices 
and delivery information — on 
the 5490/5495 Console Record- 
ing Systems and two- to eight- 
channel 5475/5480 Systems 
are available on request 
from your Sanborn Sales- 
Engineering Representa- 

tive or the Industrial 
Division in Waltham. 





for 
analog computer 
readout: 


modern, compact, mobile 


SANBORN 


CONSOLE RECORDING SYSTEMS 


Up to eight problem variables can be recorded in inkless, permanent, 
rectangular-coordinate tracings — with Sanborn’s improved six- and eight- 
channel 156-, 158-5490 Console Systems. Less than four feet high and about 

two feet in width and depth, these Systems are completely mobile and de- 
signed for maximum operating convenience. Controls and indicators on the 

sloping top pane! include individual-channel attenuation, position, balance, 
sensitivity and stylus heat adjustments; switch for turning off B + of output 
amplifiers; chart drive motor switch (can also be remotely controlled); code 
marker and/or one-second interval A ead stylus switch. The Recorder unit, 
either six or eight channels, features paper loading from the top, and nine pre- 
cisely controlled speeds from 0.25 to 100 mm/sec. Four dual-channel DC Driver’ 
Amplifiers of current feedback design are housed below the Recorder, and are 

mounted on a chassis which may be withdrawn for inspection. 


Electrical specifications of the Console Recording Systems include a basic 
sensitivity of either .01 volt/chart division (5490 types) or 0.1 volt chart division 
(5495 types); linearity of 1%; drift less than 1/2 chart division/hour (5490), less than 
1/20 chart division/hour (5495); flat frequency response to 20 cps, down 3 db at 60 cps 
for all amplitudes to 5 cm peak; either single-ended or push-pull input signals of 5 
meg. impedance (each input lead to ground). 
A useful companion instrument is the new Sanborn Model 183 Programmer, de- 
signed to provide a connecting link between an analog computer and the Console Record- 
ing System. Shown mounted at the top rear of the Console, the Programmer operates 
the Console in the following automatic sequence: turns recorder drive on—feeds calibra- 
tion signals to all channels — reads initial DC levels of computer—closes contacts to start 
computer problem—records computer output for a preset chart length—turns off recorder 
drive and resets itself for another cycle. 


SANBORN COMPANY 


INDUSTRIAL DIVISION 
175 Wyman Street, Waitham 54, Massachusetts 
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WRON/PRODUCTS CUT INSTRUMENT TUBING COSTS 


EASY-TO-INSTALL 
INSTRUMENT 


— 


eh 
¢, 


LINE HARNESS 


DEKORON Poly-Cor is a tried and 
proven instrument tubing bundle having 
advantages of light weight, corrosion 
resistance and extreme ease of installation. 


It is completely color-coded with 7 colors 
of tubing so placed in the bundle that 
each tube is easily identified by its 
relation to the other colored tubes. Their 
natural resiliency resists physical damage. 
arness composed of from 2 to 37 
$ illustrated) individual lines is available. 


nitial cost . . . installation . . . corrosion 
tance . . . maintenance—no tubing can 
compare with patented Dekoron Poly-Cor. 


Raéquest Bulletin 456. 


Use Dekoron E-Z Tube Fittings. 
Specifically designed for use 
with Poly-Cor or with single- 
line plastic Dekoron “P” Tubing. 


products 
esearch SAMUEL MOORE & COMPANY + mantua, onto 


service 
DEKORON PRODUCTS DIVISION 
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tiometer recorder, shown above, is onc 
of a line of instruments with selective 
sensitivity and range. For example, 
one model used for monitoring con- 
tamination of boiler condensate has a 
full scale range of from 0 to 3 ppm of 
contaminant. Since both sensitivity 
and range are adjustable, a wide vari 
ety of turbidities and 

monitored closely.—Ess 


Co., Bergenfield, N. J. 
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dusts can be 
Instrument 


CONTROL DEVICES 


SPEED CONTROL 


Designed to operate any shunt or 
compound-wound de motor, up to 4 
hp, from a 117-vac supply, the Model 
SC-} electronic motor control pro- 
vides variable speed from zero to full 
at essentially constant torque. Maker 
claims the unit will maintain § set 
speed regardless of line variations as 
high as 20 percent. It also incorpo 
rates an adjustable dynamic brake to 
provide any desired degree of braking. 
Armature power is supplied from a 
rugged NL-710 Thyratron rated at 
Z.5 amp, with 30-amp instantaneous 
peak rating. Heavy-duty steel case 
measures 84 in. high by 74 in. wide 
by 54 in. deep—B & B Co., Oak 


land, Calif. 
Circle No. 22 on reply card 


Ne ie 


NEW LIGHT SOURCE 


Designed for close-proximity use with 
miniature photoelectric cells, this 
new light-beam projector can be 
mounted in a single t4-in.-diam hole. 
It operates on a nominal 0.15-amp in- 











Chapter VIII; Volume I 
THE AD THAT WANTED TO BE A CONTEST 








WIN AN | 
J ENGINEER!“ 


Well, with all this advertising for engineers, and 
with quiz-contests so big ...it was only natural 
that some adventuresome advertisement would 
put the two together as follows: 


Win an engineer! Simply describe in 25 words 
or less why you like Benson-Lehner OSCAR J. 
Of course, everyone knows that the OSCAR J 
is a highly flexible and widely used machine for 
converting oscillographic data into meaningful 
form, but aside from that, what else do you 
like about it . . . why does it give you 

that good, good feeling? Why do you feel 
compelled to have one in your home, or 

to take one with you on camping trips? 


benson-lehmer corporation 
11930 Olympic Boulevard, Los Angeles 64, California 


OFFICES: LOS ANGELES; SUMMIT, N.J.; WASHINGTON, D.C.; DAYTON, OHIO; \\\ 
TULSA, OKLA.; LONDON; PARIS AND OTTAWA i VF \\' i \\\\ ’ 
i a | Wilt i at NN 
Service Centers in 19 cities throughout the world. Ut) i i\ i} i 
For a personal file of this series write to Benson-Lehner, 
Dept. 02 for your Adsmanship Handbook Folder. 





Yet another in the adsmanship series provided as a public service by the 
Benson-Lehner Corporation. Should you, perhaps, need additional infor- 
mation on the OSCAR J in order to compete, or information regarding 
other data reduction equipment, send us a note. 


I LIKE THE OSCAR J BECAUSE 














NAME COMPANY 








ADDRESS 
Will you take engineer with slightly stained moustache? YES 





OSCAR J CONTEST 
Benson-Lehner Corp. 
11930 Olympic Blvd. 

Los Angeles 64, Calif. 
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THE MOSELEY 


AUTOGRAF 


X-Y RECORDER —— 


Wherever mechanical, physical or electrical data is collected, the Moseley 
AUTOGRAF X-Y Recorder has earned an enviable reputation as a reliable 
and economical means for rapid, accurate automatic graphic recording. 
Precision manufactured and tested, the AUTOGRAF is available in a 
complete choice of models for bench use, rack mounting, large or small 
standard graph paper. A full line of accessories adapt the AUTOGRAF 
to almost any data translating problem, including card or tape reading, 
point plotting, curve following and curve drawing. 





Model 60 Logarithmic Converter 
60 db dynamic range; AC or DC; 
20-20,000 cps; with AUTOGRAF and 
appropriate signal generator auto- 
matically plots gain-frequency 
characteristics. 


Model 20 DC Voitmeter A servo 
actuated electronic voltmeter with 
large, easy to read linear scale. 
Ranges from 3 millivolts to 300 
volts. Available with digital output. 





F.L.MOSELEY CO. 


409 N FAIR OAKS AVENUE PASADENA CALIFORNIA 


Bulletins with complete information will be furnished on request. 
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put of 6.3 vac or de. Access to its 
miniature bayonet base lamp is 
through an easily removed knurled 
protective ring.—Autron Engineering, 
Inc., Los Angeles, Calif. 
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WILL TAKE 500 G’s 


This 10-microamp magnetic contact 
relay, built to Mil-Ord OD-9678, will 
withstand more than 500 g’s. The 
new sealed unit will also withstand 
vibrations of 5 to 55 cps at 0.06 in. 
amplitude. Its insulation resistance 
exceeds 1,000 megohms. Either ac or 
de may be pulled through the con 
tacts. Model 281, shown here, is be 
lieved to be the smallest relay of its 
kind now commercially available with 
a self-contained reset mechanism. A 
clear plastic case permits observation 
of much of the movement.—Assembly 
Products, Inc., Chesterland, O. 
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HI-SPEED SAMPLER 


The Series 500 high-speed sampling 
switches are designed for both military 
and commercial applications. Models 
are available with up to 60 shorting 
channels or 30 nonshorting channels 
per pole, with as many as three poles. 
Equipped with constant force brushes 
and lifetime semi-molded contact 
plates, these switches give long trouble 
free service. Normally supplied with 





Sometimes you can guess at torque...BUT 


With SR-4° Torquemeters, you can measure and control 
all industrial torques to+Y%% accuracy 


It isn’t necessary to measure the exact amount of torque in order 
to wring out a dishcloth. But in industry, it’s often vital that the 
exact amount of torque on a shaft be known. 


You can use Baldwin SR-4 Torquemeters to measure a few inch- 
ounces or thousands of foot-pounds, and with consistent accuracy 
to within +144%. They convert torsion changes directly into changes 
in electrical energy, measure torque independently of speed, and 
take no power from the drive shaft. A wide variety of instruments 
can be used with SR-4 Torquemeters, ranging from millivoltmeter 
and battery to a computing instrument reading horsepower directly. 


Baldwin SR-4 Torquemeters offer unlimited application oppor- 

tunities. Present uses include torque measurement of viscosity, 

in engine dynamometers, for pump testing, in propeller drive shafts ; 

and helicopter rotor assemblies, and hundreds of other applications The Type A SR-4 Torquemeter is a self-contained unit with 


: . es aa housing and brush assembly suspended on a shaft by 
> ¢ ym > 7 
in design and producti n testing. ball bearings. It employs SR-4 Bonded Wire Strain Gages 


Whatever your torque measurement problem, a B-L-H representative in a Whestshene. heidge circuit. Saiduin terquemstone 
: sad : : F Pah. ' lete inf, ae SR-4 have been built for shafts from 4 in. diameter to 18 in.; for 
is ready to serve you. For more complete information on SR- send Gab MA TRRAES dette end tron 10 Cren: eae 
Torquemeters, write today for your free copy of Bulletin 4308. to 4,200,000 in.-Ib. 


/ 
. 


BALDWIN - LIMA: HAMILTON ro» % 


/ 
Blectronics & Instrumentation Division 


Walitham, Mass. 


} 


SR-4® strain gages * Transducers * Testing machines 





3¢ a-c stands for analog computer 


The Donner a-c*, 
a complete linear 
computer. Digital 
voltmeters, scopes, 
and non-linear 
equipment may be 
mounted above 
the console and/or 
at one side in 
modular racks. 


buys the new DONNER a-c* console 


WITH 
e 30 Chopper Stabilized Amplifiers 
e 40 Coefficient Potentiometers 


© 0.1% Temperature Controlled 
Computing Components 


/ 
e Latching Overload Lights ,/ 
/ 


/ 
/ 
/ 
3 Designed as a standard production item, the 
Donner a-c* combines quality and flexibility with modest cost. 
For instance, characteristics of the Donner 3101 chopper stabi- 
lized operational amplifier, heart of any analog computer, are: 
de gain 5x10’; unity integrator drift 100 microvolts in 15 min- 
utes; phase shift 0.2° at 1000 cps. The reference supply carries 
a stability of = 0.1% over a 60 day interval. 
Formed from molded diallyl phthalate, the removable AMP 
problem board serves 30 amplifiers, 40 potentiometers, com- 
plementary nonlinear equipment, and 70 trunk lines. 
Starting with as few as 10 amplifiers and 20 potentiometers, 
the user can build up a full console as his needs and pocket- 
book dictate. For further expansion, consoles may be slaved 
together and operated from one master computer. 


Data file 310 detailing the Donner a-c* is yours 
for the asking. Please address Dept, 310. 


DONNER eomean. 


Phone MUlberry 2-616] * Cable ‘‘Donner™’ 
CONCORD, CALIFORNIA 


CONTROL ENGINEERING 


NEW PRODUCTS 


a 28-vde motor with governor and 
shielded filter, the switch is also avail- 
able with a 115-volt single-phase 400- 
cycle hysteresis synchronous motor. 
Sampling rates are available from 0.5 
to 10 rps.—General Devices, Inc., 
Princeton, N. J. 
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TO 16 FUNCTIONS 


This new function programmer pro 
vides switching as well as potentiom- 
eter control of electrical and electronic 
circuitry in relation to time. Up to 16 
separate circuit functions can be ac- 
commodated with eight detachable 
function sweep strips. In addition, a 
pulsing switch is provided for deriving 
pulses in 4 sec increments or any mul- 
tiple of 4 sec. A speed-regulated dc 
motor with reduction gears drives the 
contacts along the potentiometer strips 
at constant speed. Travel time is 50 
sec plus or minus 35 sec. Motor nor- 
mally requires 350 ma and the input 
voltage may vary from 22 to 36 volts. 
Under test for missile application, the 
timer was subjected to vibrations of 
20 g’s between 20 and 2,000 cps in 
three planes, accelerations of up to 50 
g’s in six directions, and 100 g’s of 
shock for 1.3 millisec in three direc- 
tions—Hubbard Scientific Laboratories, 
Inc., Pomona, Calif. 
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ONE POUND RANGE 


A new pneumatic pressure switch, 
which closes a 1.2-kw circuit under 
preselected pressure, suction, or dif- 
ferential sum of two pressures, covers 
a range of from 0.1 in. water to 1 
psi. Adaptable to many control and 
safety functions, the switch may be 
used to prove the presence or absence 
of pressure, vacuum, or flow of air 
and inert or combustible gases. 
Three interchangeable, color-coded 
springs adapt the switch to three pres- 
sure ranges: 0.1 to 0.5 in. water; 1.0 
to 10 in. water; and 4 to 30 in. water. 





Progress in designing air systems: 


Here’s another 
automating idea: 


Schrader Air Products 


in a multi-step 
punching system 


PROBLEM: To pierce tiny balls of lead 
shot, fast, accurately, and economically. 





Schrader Products successfully performing at prominent Western plant— 
feeding, shot-piercing, ejecting—all automatically with air. 


SOLUTION: Schrader Air Products designed into a system for automatic operation. 





FEED: Performance of the cylinders in this system is controlled 
by cam-actuated Schrader valves. Cylinder A controls split-cam 
feed; allows the shot to be fed into the machine one at a time. 


PIERCE: The shot is pushed forward and clamped at the pierc- 
ing station by cylinder A and cylinder B. Cylinder C pierces 
the shot. 





tt 
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A / CYLINDER "A” EJECTS 
a a oe PIERCED SHOT 
— WHEN PRESSURE IS 
RELEASED ON 
_o> CYLINDER "B* 


EJECT: Cylinder B returns to its initial position. Cylinder A 
completes its forward stroke, ejecting the pierced shot. And 
cycle starts again. 








Air’s benefits apply in almost any operation you 
can name: stamping, forming, programming, 
squeezing or measuring. And the advantages are 
more important today than ever: speed, accuracy, 
safety, simplicity, versatility, and—amazing econ- 
omy. Schrader components are a natural for the 
designer because they comprise the only complete 
line of air products to select from. They can be used 
singly or in combination to perform jobs of amaz- 
ing variety and complexity. When you design, think 
of air, and make use of Schrader’s engineering 
facilities to help you specify the right products for 
your idea. Mail the coupon today. 





eo divisionof SCOVILL 











QUALITY AIR PRODUCTS 


A. SCHRADER’S SON Division of Scovill Manufacturing Co., Inc. 
471 Vanderbilt Avenue, Brooklyn 38, N. Y. 


Please send latest informative booklets which show Schrader’s com- 
plete line of Air Control Products. 
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NEW! NEW! NEW! 


FOR HIGH SPEED 
lohale) Mm aJlonall. 1M) lehacle]-7-¥-1 hg 


DAYLIGHT 
LOADING FASTAIR.. 


HIGH SPEED MOTION | 
PICTURE MISSILE CAMERA 


This 16mm Camera accepts standard daylight loading 
spools in the mew 50’ and 100’ magazines . . . will with- 
stand extremely high “G” loads in acceleration, vibration 
or shock. A full complement of lenses is now available. | 


100 FASTAX 
COMBINED MOTION 
PICTURE AND 
OSCILLOGRAPHIC CAMERA 


.. where economy is a factor. Features 100’ daylight load- 
ing spools... speed ranges from 150 to 8,000 pictures per 
second ... can take pictures or oscillographic recordings 


simultaneously or independently .. . three cameras in one. 


8mm or 16mm 
MOTION PICTURE 
ANALYSIS PROJECTORS 


. for study and analysis of sub- 
jects filmed at high speeds. Pro- 
jection without flicker as slowly 
as 2 frames per second. Normal 
projection (16 f.p.s.), frame by 
frame or still picture projection 
may be shown. 


WRITE for more detailed information. Inquiries welcome. 


> FASTAX vivision 
er _ WOLLENSAK 


OM ae Oe ec 
i celedal-t-)(-) ae on) oe 
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| A simple screwdriver adjustment sets 


anywhere 
installed 
Products 


the desired trip 
within the range of the 
spring.—Bryant — Industrial 
Corp., Cleveland, Ohio. 
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pressure 


ELIMINATES STICTION 


Pictured is a new miniature inertia 
switch that operates on a radically 
new, yet very simple principle. Said 
to be the smallest yet, this switch is 
designed to eliminate stiction, compli 
cated mechanisms, and wasted space. 
A single moving part, frictionless in 
operation, momentarily closes electri 
cal contacts, following impact or accel- 
eration above a preset value. Switch 
setting is easily adjustable and has a 
tolerance of plus or minus 0.15 g. 
Unit occupies 4 cu in. and weighs 7 Oz. 

New York, N. Y. 


Safe Lighting Co., 
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POWER SUPPLIES 


HIGH-VOLTAGE POWER 


The Model N-413 high voltage power 
supply is designed for use in the field 
of scintillation counting or ionization 
chamber work. Its 10-ma capacity en 
ables it to furnish power simultaneously 
to several RCA #6810 photomulti 
plier tubes for coincidence work. Out- 





NEW 
CONCEPT 


Write for 
Specifications 
& Details 


Unhampered by traditional thinking, TELECHROME en- 
gineers have developed an entirely new concept in tele- 
metering equipment. Today’s new environmental con- 
ditions and distances for missiles require new designs. 
TELECHROME units are unequalled in compactness, 
ruggedness* and dependability. Because of their supe- 
rior qualities these highly efficient units are replacing 
equipment of other manufacture. 


Direct FM Transmitters Crystal controlled 215-235 mega- 
cycles. 125ke deviation. 


Model 1462—6” x 44” x 3%” 
50 to 80 Watts 


Model 1463—5'%2” x 
BY 4" x4” 
15 to 30 Watts 


Model 1472—4” x 1.5” 
x 2.7” 
2 Watts 





Mode! 1460—5” x 45” x 3'5,,” 
RF Amplifier 
15 to 30 Watts 





SUB-CARRIER OSCILLATOR. 
Deviation stability +1% 
of band width. Deviation 
linearity less than 1% of 

, band width under all con- 
ditions measured from a 
straight line drawn be- 
tween end points. 





*Withstands 
200 G shock 


HIGH POWER 
IN SMALL PACKAGES 


The Nation's Leading 
Supplier of Color 
TV Equipment 


28 RANICK DRIVE 
AMITYVILLE, N. Y. 
Lincoln 1-3600 
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. WITH PARTLOW 
THE TEMPERATURE IS 
PRECISION-CONTROLLED 


tlow 


THE PIONEER IN MERCURY THERMAL CONTROLS 


Recording Temperatu 


Degrees mean dollars. That’s why Partlow 
Controls are used in more and more appli- 
cations where temperature control is criti- 
cal. Their pin-point accuracy insures posi- 
tive protection for materials and equipment. 
Partlow Controls are precision-built for 
use with gas, oil, steam or water valves; 
or electrical equipment. Available in 9 


re Control standard ranges, from —30° F. to 1100° F. 


THE PARTLOW CORPORATION 
Dept. C-1057, 2 Campion Road, New Hartford, N. Y. 


We'd 


like to knew more about Partlow Temperature Controls. 


(0 Hove representative call. [1] Send us your CONDENSED CATALOG. 
We are interested in Partlow Controls for the following applications: 








Company 


Street and Number............................ 


City 
Signed 
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put voltage ranges from less than 500 
to 5,000 vde; regulation of 0.005 per- 
cent is held for changes in both line 
and load; and ripple and noise are held 
to 50-mv peak to peak at full voltage 
and load. A standard cell provides for 
reference.—Hamner Electronics Co., 
Inc., Princeton, N. J. 
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EASILY RECHARGED 


Slightly larger than a half dollar, the 
hermetically sealed nickel-cadmium 
button cells pictured above are avail- 
able in two sizes, 0.25 and 0.5 ma. 
These tiny units were developed spe- 
cifically for miniature and subminia- 
ture electronic and electrical applica- 
tions. Principle features are recharge- 
ability, hermetic sealing, rugged con- 
struction, and low internal resistance. 
Gulton Industries, Metuchen, N. J. 
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TRUE RMS REGULATION 


Designed specifically for use in the 
control of power-line voltage varia- 
tions, the Model 601 automatic volt- 
age regulator is completely independ- 
ent of power factor. Maker says the 
unit is particularly useful in areas 
where line voltage is subject to wide 
fluctuations. When operating in a 50- 
to-70-cps frequency range, the instru- 
ment will still provide a true rms 
voltage regulation. Output is contin- 
uously adjustable over a range of plus 
or minus 10 percent of 115 volts. 
Output will be regulated as long as the 





Subminiature sealed switch 
is environment-free; mounts 
interchangeably with MS25085 


MODEL EF-3 


Single Pole, Double Throw 
Move. Differential, .004 Max. 
Overtravel, .003 Min. 
Oper. Force, 5 to 17 oz. 
Release Force, 60 gram 
Elec. Life Ratings: 
— ops. @ 125/250 V. AC., 


100, 0,000 ops. @ 125/250 V. AC., 
50,000 ops. @ 30 V 


, i. 
(2.5 AMP., IND.; 4.0 AMP., RES.) 
Amb. Temp., -~65° to + 180° F. 


Sealed in a corrosion-resistant, 
treated aluminum enclosure, 
this tiny switch is environment- 
free; highly vibration and 
shock resistant. It carries 5 
amps. at 125/250 V.A.C. with 
an electrical life rating of 
100,000 operations. Low op- 
erating force and small move- 
ment differential make it ideal 
for bi-metal temperature, dia- 
phragm operated and other 
“feather-touch” devices, while 
small size permits mounting 
singly or ganged in restricted 
space. Rugged and dependa- 
ble, it has positive snap action. 


Tiny 40 amp. basic switch has high 
capacity, longer life and constant 


Simultaneous triple-pole switch 
interrupts 3-phase ac. circuits; 
6-circuit control in a small package 


MODEL K3-4 


be pe eet Double Throw 
15 AM ' ‘o — Vv. AC. 


Elec. Life, 500,000 ops. 


This Electro-Snap triple-pole switch 
simultaneously reverses current flow 
through three windings of a 3-phase 
motor up to 1 H.P. and interrupts 
other types of multi-switching in- 
Stallations. Instantaneous “‘*make” 
and “break” snap-action of the 
three poles is independent of the 
Speed of actuation—even extremely 
slow moving cams can be used. 

The K3-4 Series offers designers 
a wide variety of 3 - phase circuit 
hookups for servo-controls, to 
limit movement of machine mem- 
bers and as a Start-and-stop switch 
which formerly were possible only 
with complicated relays or a num- 
ber of separate switches. A large 
Selection of standard actuators 
is available. 


Small basic switch is 
low cost; directly interchangeable 


with AN3234 Specs 


These Electro-Snap F2 


stability of tolerances Series snap action switches are 


Measuring only 1%” x 43/64” 
x 35/64”, the Electro-Snap G3-8 
Basic Switch handles current rat- 
ings up to 40 amps. A new 
method of ‘combining Electro- 
Snap’s doubfe-break action with 


extra-compact with extremely 
high electrical capacity for 
their size. Mechanical and 
electrical life at 1/32” over- 
travel is 150,000 operations, 
minimum, with accurate 
repeatability and constant sta- 


bility of tolerances. Self-aligning springs provide contact wiping 
action rare in a switch of this size. 

Durable case of special plastic gives the switch an ambient 
temperature rating of —100° to +275° F. or +375° F. Avail- 
able, at low cost, in three basic models with a wide selection 
of actuators. 


SERIES F2 BASIC SWITCH: F2-3: Single Pole, Double Throw 
F2-2: Single Pole, Normally Open; F2-1: Single Pole, Normally Closed 


OPERATING CHARACTERISTICS 
ary oo 10 ~ > pa bg Ay S<. 2, = 
V.D.C. inductive and resistive (6 AMP, 30 V.D.C. for Airborne Application) 
OPERATING CHARACTERISTICS Operating Force, 7 to 12 oz. Movement Differential, .011 + .005 
Reset Force, 4 oz. Min. Overtravel, 1/32 Min. 
Pretravel, 3/64 Max. 


SEND COUPON FOR MORE DATA 


a heavy-duty switching element 
assures electrical and mechanical 
life of 100,000 cycles at large 
capacities; also provides constant stability of tolerances and accurate 
repeatability. New plastic compound case gives the switch an am- 
bient temperature rating of —100° to +300° F. with extreme shock 
resistance. Small size makes it ideal for motor controls and compact 
automation set-ups. A wide range of actuators is available. 


MODEL G3-8 


~— Pole, oo Throw 
40 AMPS @ 125/250 V. A.C. 
@ W V. D.C. Res. 


Oper. Force, 45 oz. agen. 
Overtravel, .015” M 
Move. Differ., 058 -¥ .010 


ELECTRO-SNAP SWITCH & MFG. COMPANY 
4248 W. Lake St., Chicago 24, Ill. 
Please send data sheets on switch checked: 
(CD EF-3 — subminiature sealed 
C1) G3 —40 Amp. basic 
() K3 —Triple-pole 
C) F2 —Extra-small basic 


 —— 
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MECHANICAL FILTER 
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‘MOTOR- 
GENERATOR 


POSTAMP 
T 3103 








FIXED PHASE EXCITATION 


INTEGRATING CHANNEL 


AMPLIFIER 





This diagram illustrates an 
optimum configuration of a 
precise integrating servo system. 
The essential components 

are shown below. 


KEARFOTT COMPONENTS 
INCLUDE: 


Gyros, Servo Motors, Synchros, 
Servo and Magnetic Amplifiers, Ta- 
chometer Generators, Hermetic Ro- 
tary Seals, Indicators and other Elec- 
trical and Mechanical Components 


KEARFOTT SYSTEMS INCLUDE: 


Directional Gyro Compass Systems, 
Three Gyro Stable Platform Systems 
and Inertial Navigational Systems 


dt 


SERVO MOTOR GENERATOR 


This size 15 unit represents the latest 
in design for precise integrating 
tachometers. Temperature stabilized 
to within 1° C; linearity, 0-3600 
R.P.M., .03% of 3600 R.P.M., 
0-4800 R.P.M., .05% of 3600 R.P.M. 


MECHANICAL FILTER 


This size 11 filter, used in conjunction 
with amplifiers shown, provides an 
integral-plus-proportional circuit. 
Eliminates quadrature and noise in 
the error signal and the need for high 
gain, critical amplifiers. 


TRANSISTORIZED AMPLIFIERS 


This T3103 amplifier provides a 40 v., 
6 w. output. Meets the requirements 
of MIL-E-5400. Dimensions 15" x 
154" x 174" high, weight 4.7 oz. 

The above units are available as 
components for your specific applica- 
tions or as packaged sub-assemblies. 


. A SUBSIDIARY OF 
GENERAL PRECISION EQUIPMENT CORPORATION 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. 5. 


Sales and Engineering Offices: 1378 Main Avenue, Clifton, N. J. ° 
Midwest Office: 23 W. Calendar Ave., Lo Grange, Ill. South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pascdena, Calif 
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input voltage is within 10 percent of 
the output. A 20-percent control 
range can also be had by simply chang- 
ing one connection. At the above 
range settings the capacity is 3.6 kva 
and 1.5 kva respectively.—Tel-Instru- 
ment Electronics Corp., Carlstadt, 
N. J. 
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FINAL CONTROL 
ELEMENTS 


PRESSURES TO 30,000 PSI 


Design of this new control valve pro- 
vides for a longitudinal stem lift in 
line with the piston. This is said to 
cause a considerable improvement in 
the valve’s accuracy. Valve and con- 
trol units are manufactured for a 
number of pressures from 6,000 to 
30,000 psi, and in sizes from % to 3 
in. Explosion-proof requirements can 
be met, and a variety of materials are 
available.—High Pressure Equipment 
Co., Inc., Erie, Pa. 
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REDESIGNED METER 


Widely used for recording, indicating, 
and controlling process variables in- 
volving differential heads, flow, pres- 
sures, specific gravity, etc., the Hagan 
Ring Balance Meter has recently been 
redesigned to include the following 
features: 

efullv closed 


measuring system in 





You don’t 


have to be over 21 


to install and maintain 


It really is a cinch for an untrained person to install 
and maintain Fenwal’s 541 Temperature Indicator 
Controller. You don’t even have to open the case to 
adjust it even its snap switches can be easily re- 
placed without disturbing the internal mechanism. 
It’s simple! 

In Fenwal’s 541 all moving parts are in opposition 
wear on one is automatically compensated for and the 
controller’s high accuracy remains unchanged! /t’s 
reliable! 

You can take your choice of temperature range, bulb 
styles, and one or two circuit controls, current ratings 

even the color of the housing. There are literally 
hundreds of adaptations that can be made from stock! 
So you get a tailor-made, fit-to-order controller at a 
competitive price! Jt’s versatile! 

Drop us a line at Fenwal Incorporated,5910 Pleasant 
Street, Ashland, Mass. and we’ll send you our catalog 
MC-139 or our sales engineer, whichever you want. 


a Fenwal temperature indicating controller 


This is our dual circuit model (we’ve got hundreds of others 
which has two snap switches, each with a set point indicator, 
that actuates two circuits at pre-set temperatures. Housing 
in all Fenwal 541’s meet NEMA and JIC specifications. 
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on any 8 standard data printers 


Now from Clary! Data printers delivered to 
you in a fraction of the usual time! Only Clary 
offers you 3 standard data-printing models with your 
choice of special dials and punctuation. Years of experience 
in this field have shown that these 3 standard models can be used 
in 85% of all data-printing applications...and at tremendous 
time and cost savings. Special built models are also available, if needed. 


Model P-11 
11-digit 
parallel entry 


Write for 
Engineering Fo'der S-101 


Manufacturer of Industry's most versatile data printers 


’ ELECTRONICS DIVISION 


Clary Corporation, San Gabriel, California 


Manufacturer of business machines, electronic data-handling equipment, aircraft and missile components. 
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which no working parts contact the 

measured fluid; 

¢ stuffing boxes and pressure tight bear- 

ings are eliminated; 

¢ dead-weight checking without dis- 

connecting the meter piping, and 

*ten times the required ring torque 

at minimum full scale differential. 
-Hagan Chemicals & Controls, 
, Pittsburgh, Pa. 
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NO GASKETS OR JOINTS 
Called the Capsule Chemical Gage, 
this lightweight pressure gage was de- 
signed without gaskets or bolted joints. 
Manufacturer recommends the unit 
for those applications requiring a 
short, compact sensing element, and, 
when properly calibrated at the oper- 
ating temperature, for use under high- 
temperature conditions. Its 24 in. 
NPT body is easily inserted in any 
tvpe pipe fitting, preferably above a 
fast-flowing viscous fluid. When sub- 
jected to high temperature, the unit 
has a maximum pressure rating of 
1,000 psi, and at normal temperatures 
its maximum pressure rating is 2,000 
psi.—American Chain & Cable Co., 
Inc., Bridgeport, Conn. 
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COMPACT TIMER 


The integral Button Controller, 
Model IBC-2, combines the best 
eatures of a cam timer with those 
of an interval timer in a single, com- 
pact, easily adjusted unit. In its basic 
form, the IBC-2 can serve a wide field 
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Microwave cooking shaves hours from food preparation time. This is a home-type electronic oven developed by Raytheon for production 
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by appliance manufacturers. 


Meals in minutes by electronics— 
in permanent magnet equipped range 


Microwave energy does the cooking 
in this domestic electronic oven based 
on Raytheon’s “Radarange” for the 
restaurant industry. Microwaves are 
far higher in frequency than 
broadcast waves—fact, the mag- 
netron tube (at left) steps 
up the vibrations to an incred- 
ible 2,450,000,000 times a second! 


A vital part of the magnetron is 





Permanent magnet is C-shaped 
asting at right of magnetron; 
pox on top is filter assembly. 





the Crucible Alnico permanent magnet shown in the inset. 
This is one of many practical applications for Crucible 
Alnico permanent magnets. Crucible has been a leading pro- 
ducer of permanent magnets, known for their consistently 
higher energy product, ever since Alnico alloys were devel- 
oped. You can now order them sand cast, shell molded, or 
investment cast to every size, shape, or tolerance needed. 
It’s why an increasing number of manufacturers find the 
answer to their magnet problem at Crucible. Crucible Steel 
Company of America, The Oliver Building, Mellon Square, 


Pittsburgh 22, Pa. 


| C ft UJ C | * LE| first name in special purpose steels 


rucible Steel Company of America 











valves. 


mounting. 


esa A Valves 


Give MAXIMUM Capacity 
In MINIMUM Space... 


WH Versa solves the space problem with a truly economic valve. 
Hi The overall size of the Versa ‘‘A’”’ valve is only 2” high by 1” 
in diameter, yet it has the capacity of much larger valves 


@ ideal for controlling cylinders, instruments and larger pilot 

WH Available in 1%” NPT in 2-way & 3-way types with or without 
button guard, in either normally open or closed models. 

BB Simple to mount on equipment or can be furnished for panel 


@ Prices range from $4.00 to $6.50 each. 


VWBRSZA\ 


Write today 








VERSA PRODUCTS COMPANY INC. 
249B Scholes Street, Brooklyn 6, N. Y. 


for your 
free copy 
of Versa's 








MODEL 409 
RECORDING OSCILLOGRAPH 


FOR VIBRATION, TEMPERATURE, STRESS, STRAIN RECORDING 


The Century Model 409 Oscillo- 
graph was designed for operation 
under the most adverse conditions 
and more especially, where space 
and weight considerations are 
limited. 


This Oscillograph is one of the 
smallest and most compact units 
available on the present market, 
yet it incorporates many features 
found in larger oscillographs, such 
as trace identification, trace view- 
ing, continuously variable paper 
speeds and others. The Model 409 
Oscillograph has been tested and 
proven to record faithfully during 
accelerations in excess of 20 g's. 


Model 409 with 
100 ft. Capacity Magazine 


This makes it especially desirable 
for uses such as missile launching, 
parachute seat ejection, fighter air- 
craft and torpedo studies. 


Write for Bulletin CGC-303 and CGC-301 


Century Electronics & Instruments, Inc. 


IRE D Comm Olilae MM ATIC tc ME@) dlelileliite 
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NEW PRODUCTS 





of cycle control applications without 

the use of relays.—Seely Instrument 

Co., Inc., Niagara Falls, N. Y. 
Circle No. 35 on reply card 


COMPONENT 


A 


HEMIEOUTY 


RUGGED T’FORMERS 


Pictured is one of a new line of heavy- 
duty control circuit transformers avail- 
able in standard sizes from 0.050 to 
5 kva and able to handle up to 1,000- 
percent inrush current with only a 
5-percent voltage drop. Features in- 
clude a diagrammatic nameplate, 
screw-type terminals, slotted mounting 
feet, and varnish impregnation.—Hevi- 
Duty Electric Co., Milwaukee, Wis. 

Circle No. 36 on reply card 


GOOD STABILITY 


The BP2 series of bandpass falters, one 
of which is shown here, has been de- 
signed for coupling networks in instru- 
mentation and control amplifiers. 
Units feature toroidal inductors for 
linearity and freedom from stray field 








~ ~~ - & © & & & & 





When you need 


mec ak-teli-wn Orelehage) 


of Process Sequences... 
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@ Mercury-to-Mercury contact of Adlake Relays gives 
ideal snap-action with no pitting, sticking or burning. 

@ Hermetically sealed at the factory so dust, dirt, mois- 
ture cannot affect them. 


e Time delay characteristics are fixed and tamper- 
proof, 


e Adlake Relays are quiet, chatterless and require no 
maintenance whatever. 


If you have a control problem, our engineers will be happy to 
help you solve it. There’s no obligation. Write The Adams 
& Westlake Company, 1181 N. Michigan, Elkhart, Indiana. 


the Adams & Westlake Company 
wew york ELKHART, INDIANA CHICAGO 


original and largest manufacturers of plunger-type relays 
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“GEARED-PAIR” ESCO type HT NEW PRODUCTS 
Rotary Switch = £ ea a ob alld 


quencies and bandwidths are available. 

, a —— Both solder terminal stud-mounts and 

Assembly -- octal plug-ins can be had in sizes from 
ate: ; 1% in. sq and 2 in. high to 14 sq and 


3 in. high. —White Instrument Labora 
tories, Austin, Tex. 


Circle No. 37 on reply card 


Doubles *he 
number of circuits 
controlled by 

a single knob 


Sections — 24 sections 
per assembly. 
Positions — 16 positions, 
one being OFF. 
Poles — one per section, two sections/pole for 16 ON positions. 
Electrical Rating — 5 amperes 125 volts a-c, 0.80 power factor. 


Contacts — break-before-make, standard. LOW OHMIC VALUES 
Action — detent action, 222° indexing. 


Movement — unlimited rotation in either direction. The Series 850 hermetically sealed 
Special assemblies to meet your Write today for further information metal film resistors are now available 
particular requirements will be on the ESCO ‘‘Geared-pair’’ Type HT : iF . ‘ . : 
cette’. stare weltinidan palates. in arge quantities. Ohmic values as 
low as 2 ohms in 4-watt size, 3 ohms 

> ye Ee . *» - 
ESCO of vipa celina. in ]-watt rw ay iPad: es 2-watt 

(ES ize are sz o be stable < accurs 
sisciag switch ceeeoee S ITE Sac to be stable and accurate 
CO to within plus or minus | percent. 
For any resistance value from 2 ohms 
to 4 megohms, the units have a posi- 
tive temperature coefficient within 
plus or minus 20 ppm per deg C. And 
because no organic compounds are 


(Le gaagsaa 


Weymout t \ r1chusetts 


( used, they cannot short out or burn 
ERS WORK WHILE YOU up.—The Daven Co., Livingston, N. J. 
sae 


Circle No. 38 on reply card 


ARE BUSY ELSEWHERE 


ACCESSORIES 
This record was made by a DC & MATERIALS 


Millliammeter in a monitoring 
unit, measuring fall-out over In- 
dianapolis after the explosion of 


an experimental bomb. 

The recorder was on the job <= 
continuously for 1% days before 
fall-out began to increase as 
shown here. Meanwhile the tech- 
nicians and engineers were busy 


at other tasks. 


Make recording instruments A Ib | 
help you multiply your effec- 
tiveness. Ask for Catalog a 
657. 


Product Representatives in EASY TO READ 
Most Principal Cities 


M 


lege age SBA PRROR LEAT Pictured is an array of new viewing 
ree he manufacturer’s in-line 

The E TERLINE-ANGUS Company, Inc. screens for : | 3 
Pioneers in the Manufacture of Graphic Instruments display. (he introduction of colored 


digits is said to improve the quality 
Dept. A6, P. O. Box 596, INDIANAPOLIS 6, INDIANA of presentation, provide easier read 


ing, and make the display better 
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in automation... 


nothing works if the connector fails! 


Wherever you go in an automatic control system you find 
infinite care taken to provide fast, accurate and trouble-free 
operation in every element ...whether it be gears, relays, 
solenoids, or basic electronic components. 

Unless you have duplicate systems, each of these elements 
must function or tle system breaks down. 

And ...in addition...with one or hundreds of electric 
connectors connecting these elements ... you must 


have reliability in the connectors you use! 


that’s why... 


you need the reliability of 


CANNON ELECTRIC CO., 3208 Humboldt St., Los Angeles 31, Calif. 

Factories in Los Angeles, East Haven, Conn., Wakefield, Mass., Toronto, Can., 
London, Eng., Melbourne, Aust. Manufacturing licensees in Paris, Tokyo. 
Representatives and distributors in all principal cities. Please Refer te Dept. 422 


Write for Cannon Plug Guide 
...a@ 24-page, 2-color illustrated 
brochure designed to help 

you select the right type of 
connector for your job. 


We invite you to read these comments from the aviation field 


“The ever increasing requirements for high 

performance aircraft and missiles and their necessary 

automatic control equipment greatly magnify the 

importance of component reliability. Many thousands 

of connectors complete the electrical circuits on 

which the performance of these aircraft is contingent. 

High quality and its consequent reliability in the 

More than 20,000 items made & vital area of automatic control equipment is an essential 
by the world’s largest exclusive requirement in the progress of aircraft development” 
manufacturer of electric connectors = — G. B. Suaw, Vice President — Procurement 
for all electronic applications. The Glenn L. Martin Company 














RESISTANCE 


THERMOMETRY SYSTEMS 


NOW AVAILABLE ON A CUSTOM DESIGN 
BASIS, COMPLETE RESISTANCE THERMOM- 
ETRY SYSTEMS FOR COMMERCIAL AND 

MILITARY APPLICATION 


Making use of the RdF STIKONS and 
STRAPONS, as well as special design 
surface and Immersion Resistance Ther- 
mometers, ARTHUR C. RUGE ASSO- 
CIATES, INC., has a proven record of 
performance and reliability in custom 
design of complete temperature indicating 
and control equipment. 

The item illustrated was designed for 
missile application to meet rigid environ- 
mental requirements. It contains 12 plug- 
in channels, for use with any of the 
sensors illustrated. 


TEMPERATURE BULB 


RdF STIKON 


oy 


RdF AIR 


pd STRAPON 


= 


RdF 
IMMERSION PROBE 


In addition to the standard RdF Systems, STIKONS and STRAPONS, we manu- 
facture a wide variety of special thermometry items, designed to individual 
customer specifications. 


ARTHUR C. RUGE ASSOCIATES INC. 


733 CONCORD AVENUE, CAMBRIDGE 38, 


MASSACHUSETTS 





PHILLIPS 
HERMETIC SEALS 


The Man from Phillips is the man to see for 
glass-to-metal seals — any type, any size, any 
quantity, standard or custom-engineered. Ex- 
ceptionally fast delivery. Write for catalog. 


Phillips Control Corporation, Joliet, Ilinois — an actieo PAPER CORPORATION 


SUBSIDIARY — SALES OFFICES: NEW YORK - PHILADELPHIA - BOSTON - SAN FRANCISCO - DENVER - SANTA 


MONICA - WASHINGTON - WINSTON SALEM-~ CLEVELAND - DALLAS - SEATTLE - KANSAS CITY 
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+ ST. LOUIS - DETROIT 


NEW PRODUCTS 


suited to ambient room light. 
are available in any size or 
and include foreign characters, 
serif or Roman faces, in 
medium, or bold weights. Size of 
individual viewing screens is 14 by 2 
in. A single complete display unit 
sells for $12.50. Voltages from 6 to 
48 vac are available.—Industrial Elec- 
tronic Engineers, North Hollywood, 
Calif. 

Circle No. 39 on reply card 


Digits 
form, 
sans 
light, 


WEIGHT SAVER 


The new flexible printed cable shown 
above has been designed for applica 
tion in missiles, aircraft, and com 
puters. Made of silicone rubber with 
or without glass reinforcement, it 
features weight savings of 4:1 for 
signal cable and 2:] for power cable. 


—Cinch Mfg. Corp., LaPuente, Calif. 
Circle No. 40 on reply card 


MINIATURE BRAKE 


Already applied in computers, an 
tenna controls, and atomic reactor 
valve controls, this new magnetically 
released, spring-set miniature brake 
has a torque rating of 25 oz-in. and 
a power consumption of 4.9 watts. 
Approximate physical dimensions are 
1g in. in diam by 2 in. long, and 
weight is a little over 84 oz. Designed 
for dc application, these units are 
wound for 28 volts. A special metal- 
lic bonded friction lining gives long 
wear, high torque, high thermal 
capacity, and additional strength.— 
Stearns Electric Corp., Milwaukee, 
Wis. 

Circle No. 44, on reply card 





Wey! 


Foneywell 
Motors 


for chart drives, servos, 
balancing circuits, remote positioners 


Now from Honeywell come these newly-designed syn- TWO-PHASE INDUCTION 
chronous and two-phase motors of highest quality. Nominal Gear | Intermittent 
* : . + No- Load Rated Load 
New, sectioned die cast housing . . . new wicking to RPM” vanes (oz.-in.) 
prevent oil leakage . . . ball bearings to reduce friction 330 44:1 4 
- git . : 148 10:1 5 
. .. printed circuits . . . are some of their many mainte- = = 7 
nance-saving features. What’s more, you can replace 22 60:1 30 
any part in two minutes, usually without disconnecting 16.0 watts in field winding, balance in amplifier winding. 


the leads from your installation. SYNCHRONOUS 









































Order these motors in small quantities for prototype erue on |e ~~ 


orgue, ( 
development, or by the thousands for production runs. Ratio cin.) | (ein) | Loaded 
Models charted at right are available for fast. depend- a ue! 3 44 


180 10:1 d 4 13 
able delivery. 90 20:1 12 11 
60 30:1 F 12 13 
MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 30 60:1 12 13 


Division, Wayne and Windrim Aves., Philadelphia 44, Pa. *1/6 less at 50 cycles. Some speeds availabe at 25 cycles. 
Weight: 29 oz. Write for Specification $900-3. 












































Honeywell 
Lil Poats we Controls 
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RA 
for measurement and control of 


@ TEMPERATURE 
—400F to +2000F 


@ PRESSURE 
; 0-5 to 0-5000 psi 


to meet strictest requirements of 
@ TELEMETRY 

@ MISSILE RESEARCH 
@ AIRCRAFT CONTROL 


an example of 
TRANS-SONICS 
ADVANCED INSTRUMENTATION 





PRESSURE POTENTIOMETERS, Type 
75, are precision linear pressure measuring 
instruments designed to withstand the severe 
physical conditions of missile and aircraft 
flight. Absolute, gauge, or differential pres- 
sures up to 500€ psi can be measured to an 
accuracy of +1% of full scale with a 03% 
repeatibility. Operating temperatures range 
fronf —65F to + 160F. Ultrapoise construction 
allows instrument to withstand 30g shock in 
any direction, 10g vibration to 200 eps, 25g 
to 2000 cps. Up to 75 volts full-scale output. 
Entire operating mechanism of absolute pres- 
sure instrument. is hermetically sealed from 
external environment. Calibration Certificate 
giving precise 5-point pressure calibration sup- 
plied with each unit. Most pressure ranges 
available from stock. Send for new Technical 
Bulletin 75. 
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| WHAT’‘’S NEW 


(Continued from page 55) 
preliminary plans for the reactor which 
will be built by Zinn’s General Nu- 
clear Engineering Corp. 


lo be located in metropolitan At- 
lanta, the reactor will take trom 18 
months to two vears for final comple- 


tion. ‘Total cost: $4.5 mill 


IMPORTANT MOVES BY KEY PEOPLE 


Probability Expert Heads 
Univac Engineering 


A specialist on the mathematical 
theory of probability has been ap- 
pointed vice president and director of 
Univac Engineering for the Reming- 
ton Rand Div. of Sperry Rand Corp. 
In his new position, Dr. Thornton C. 
Fry will direct research, development 
and product planning of commercial 
and military Univac svstems and equip- 
ment. 

After graduting from Findlav Col 
lege, Ohio, rv attended the Univer 
sity of Wisconsin where he earned 
his PhD. degree in mathematics. His 
subsequent interest centered on the 
study of probability and its uses in 
solving engineering problems,  par- 
ticularly those arising in the field of 
communications. Because of this, he 
authored the book “Probability and 
Its Engineering Uses”’ 

The mathematician was formerly 
assistant to the president of Bell Tel: 
phone Labs. Since leaving the labs in 
1956, Frv has been serving as a con 
sultant both to the International Tele 
phone & Telegraph Corp. and _ to 


D. K. Coles 


Remington-Rand. During World War 
II. he used his mathematical training 
as a member of the Fire Control Di 
vision of the National Defense Re 
search Committee. And he served as 
deputy chief of NDRC’'s Applied 
Mathematical Panel. 

Remington-Rand’s new vice presi- 
dent is a fellow of the AIEE, the 
American Physical Society and the In- 
stitute of Mathematical Society. He is 
also a member of the executive board 
of Sigma Psi. 

Fry will have his headquarters at 
Remington-Rand’s Stamford (Conn.) 
offices. 


New Instrument Division 


Sparks CEC Promotions 


Consolidated Electrodynamics Corp. 
will aim for a bigger piece of the grow 
ing process instrumentation market 
with a new Analvtical & Control 
Instrument Div. which will coordi- 
nate the company’s activities in the 
design, development and manufacture 
of electronic instruments for the proc- 
ess industries. Heading up the 
division as director is CEC 


new 
veteran 


C. A. Faust 


R. E. Rawlins 





Automatic Controls for 


PRESSURE, FLOW and COMBUSTION 


4 As demonstrated at the ISA show 


N e We ASKANIA FINAL 


CONTROL ELEMENT 
The Model RF-697 Electrohydraulic Valve Actuator 


For Valves Requiring 
Less Than 200 Ibs. Thrust 


The Askania Model RF-697 Electro- 
hydraulic Valve Actuator comprises a 
self-contained unit designed for pro- 
portional-position control, using sig- 
nals from an electronic controller, 
manual station or directly from a meas- 
uring element. 

Smaller, more compact and designed 
for operating valves with 4 to 1% inch 
stroke requiring less than 200 Ib. thrust, 
it operates from low level a-c or d-c 
signals. The d-c range is 1-5 or 4-8 
milliamperes. For operation on a-c 
signals internal rectifiers are provided. 


Design Provides Outstanding 
Operating Advantages 


Exclusive design assures stability, fast 
response, and dependable operation 
marked by an ABSOLUTE MINIMUM OF 
MAINTENANCE. Note these important 
operating advantages: 


1. Entirely self-contained 

2. Operates directly from controller 
without relays or converters 

3. Mechanically simple 

4. Easy to mount on valve—simple to 
install 

5. Competitively priced 

6. Designed to meet Underwriters’ 
Laboratories’ explosion-proof re- 
quirements for Class I, Group D, 
Division 1 service. 

















Wide Valve Mounting Adaptability 
The Model RF-697 Valve Actuator 
can be mounted on practically any 
valve. Typical valve mountings are 
shown at the right, above: 

A. Mounted to provide a lever arm 
B. Mounting for sliding-stem valve 
C. Mounted on butterfly valve 
Important Specifications 


Valve Stem Speed...5 inches per 
minute at 150 Ib. load 


Valve Stem StallingThrust...2001bs. 
Valve Stem Stroke...44” to 1," 
Input Coil Resistance...Standard 
coil resistance approximately 
2,000 ohms at operating tempera- 
ture. 

Send for Application Bulletin 
No. 38.3 for complete information 
on this new Electrohydraulic Valve 
Actuator. Write Askania Regulator 
Company, 266 E. Ontario Street, 
Do ia Illinois. 


ASKA NIA: REGULATOR COMPANY 


“CONTROLS FOR INDUSTRY”’ 


HYDRAULIC, ELECTRONIC CONTROLS & SERVOS, GENERAL SYSTEMS, 
ENGINEERING & COMPUTER SERVICE, VALVE ACTUATORS & CYLINDERS 


A SUBSIDIARY OF 


GENERAL PRECISION EQUIPMENT CORPORATION 
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(Model CS-324-XA...800-2000V, 
0-5ma, regulation 80 ppm, ripple 30 ppm, 


price ELE Delivery 2 weeks 


NJE’s New Phoiomultiplier power supply is 
smaller, has lower ripple, tighter regulation, 
because the entire regulator circuit is 
printed .. . on epoxy-glass. Incidentally . . . 
the price dropped by more than a hundred 


dollars. 
corporation 


bag a Electronic Development & Manufacturing 


333 CARNEGIE AVENUE, KENILWORTH, NEW JERSEY 
Competent Engineering Representation Everywhere 
NJE LEADS THE POWER SUPPLY FIELD 


ATTRACT AND HOLD TECHNICAL PERSONNEL 





JACKSONVILLE 


SERVE 
FLORIDA'S 
METROPOLITAN AREAS 


FROM A 


DAYTONA BEACH 


INDUSTRIAL SITE 








Daytona Beach, the east- 
to-west terminal on the 
north--to-south route of the 
DAYTONA projected Federal Limited 
BEACH Access Highway System, 
METROPOLITAN gives industry a plus for 
the future. 
AREA 


ORMOND BEACH 
HOLLY HILL 
PORT ORANGE 
SOUTH DAYTONA 





WriTe FOR New 36 PAGE 
INDUSTRIAL BROCHURE 


INDUSTRIAL DEPARTMENT 
CHAMBER OF COMMERCE 
DAYTONA BEACH, FLORIDA 





pao ‘aid 
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WHAT‘S NEW 


Harold F. Wiley who joined the com- 
pany when it was formed in 1937. 

Wiley has been director of the com- 
pany’s Technical Service Dept. for 
the past four years. He is a graduate 
of Denison University and earned an 
MS degree in physics at California 
Institute of ‘Technology. 

Filling Wiley’s shoes as head man 
in CEC’s Technical Service Dept. is 
Clifford A. Faust who moves up from 
assistant director to director. Faust 
earned his BSEE degree at Iowa State 
College. 

Other executives named by CEC 
to the new division include: Armand 
F. Dufresne, chief engineer; and these 
managers: Lewis G. Farmer, produc- 
tion; Henry Landsberg, quality con- 
trol; Arthur L. Schleppy, material; and 
Donald W. Cook, administration. 

Last month CEC had two other 
appointments to announce. In one, 
Robert D. Ridgeway was named man- 
ager of sales operations; in the other, 
A. P. Stuhrman replaced William D. 
Nesbit as manager of central manufac- 
turing. 


Other Important Moves 


> Dr. Donald K. Coles joins Farns- 
worth Electronics Co. (Div. of Inter- 
national Telephone & Telegraph) as 
head of the Farnsworth Solid State 
Laboratory. For the past 15 years, 
Coles conducted restarch at the 
Westinghouse Research Labs in the 
fields of infrared and microwave spec- 
troscopy and the application of solid 
state physics to industrial products. He 
earned his PhD at the University of 
Oklahoma after completing his under- 
graduate work at the Illinois Wesleyan 
University. 

Kin Tel Div. of Cohu Electronics 
has a new chief development engineer, 
John P. Day, who joins the company 
from Convair where he was a specialist 
in the design and development of 
missile and interceptor aircraft elec- 
tronic systems. Prior to that, Day was 
a consultant to Lockheed Missile Sys- 
tems Div. and headed the instrumenta- 
tion section of the Research Div. at 
the Naval Electronics Lab. At Kin 
Tel, he will supervise development 
work in electronic instrumentation, 
and industrial and broadcast television. 
> New president of Dynac, Inc., a sub 
sidiary of Hewlett-Packard Co., is 
Robert E. Rawlins, general manager, 
since its incorporation in January 
1956. Rawlins replaces former Presi- 
dent William R. Hewlett who be- 
comes chairman of the board. Before 





TRANSISTORIZED ELECTRONIC CONTROLLERS 
interchangeable for complete versatility 


Series C110 
Recording 
Controller 


The new ‘American-Microsen’ Series C100 Elec- 
tronic Controllers can be interchanged at the 
panelboard in seconds. A recording controller to 
an indicating type . . . a proportional-action con- 
troller to proportional-plus-reset . .. slow reset to 
fast reset — any of these replacements is quickly 
made by pulling one unit out and plugging in 
the other. 


The controller settings of the ‘American-Microsen’ 
System are all calibrated and repeatable. When a 
controller station is replaced, the proportional, 
reset and rate settings can be made in advance 
so the process is on control the instant the change- 
over is completed. No playing around to tune in 
the control. 


When the process is on manual control during a 
replacement operation, the controller station stays 
in balance with the actual valve position. Thus 
the process can be changed back to automatic con- 
trol without “bumping” or upset. A unique feature 
of the ‘American-Microsen’ System eliminates any 
“balance” or “seal’’ position between manual and 
automatic. 


These are but a few of the many functional advan- 
tages of the new ‘American-Microsen’ Electronic 
Control System. Join the many satisfied users of 
this new approach to process control. Make certain 
you have the better control and simplified serv- 
icing so essential to higher product quality and 
greater operating economy. Arrange for a meeting 
with one of our sales engineers to determine the 
best equipment for your service. Write for Bul- 
letin RC100. 


Series C120 
Circular Scale 
Indicating 
Controller 








Controller Performs These Functions 


Measures input signal from transmitter and records 
or indicates in terms of the measured variable — 
pressure, temperature, flow, etc. (The Series C110 
records on a 3-inch wide strip chart, the Series C120 
indicates on a 4-inch diameter scale.) 

Provides means of setting the desired value of the 
measured variable (set point) and compares actual 
value with desired value. 

Transmits control signal, incorporating proportional, 
reset, and/or rate actions to operate final control 
element. 

Provides means to operate control element manu- 
ally with simple switch and manual knob. 


Uitra-Modern Features Provided 


All functions of recording (or indication), control- 
ling (proportional, reset, and/or rate), and manual 
valve operation in a single housing. 

Transistorized controller station for ultimate reli- 
ability and long service life. 

Printed circuitry and miniaturized components for 
space-saving simplicity. 

Plug-in units for complete interchangeability and 
ease of maintenance. 

Ratio, cascade, and other similar control arrange- 
ments, using standard instruments 

Direct bumpless transfer from manual to automatic 
control with no intermediate position 

DC signals of 1.0 to 5.0 milliamperes for instanta- 
neous distance transmission up to 30 miles. 
Controllers are compatible with any unit of other 
manufacture using the standard 1 to 5 milliampere 
DC signal. 





MANNING, MAXWELL & MOORE, INC. 


INDUSTRIAL CONTROLS DIVISION - STRATFORD, CONNECTICUT 


MAKERS OF ‘AMERICAN-MICROSEN’ ELECTRONIC INSTRUMENTS FOR MEASUREMENT, TRANSMISSION AND CONTROL 
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@ Full automatic starting from 
ony pilot switch. 


@ Interrupted cranking with 
over-all time limit. 


@ Disconnects starting motor 
when engine begins to run. 
@ Three position “AUTO” 


“MANUAL” “OFF” master 
control switch. 


@ Shut-down and individual 
signal in event of low oil 
pressure. 


@ Shut-down and individual 


signal in event of high water 
temperature. 


@ Shut-down and individual 
signal in event of engine 
overspeed. 


MODEL 
1436M4 


@ Failure light in event engine 
refuses to start. 


@ Provisions for connecting 
remote failure alarm. 


@ Oil pressure time delay to 
permit starting on zero oil 
pressure. 


SYNCHRO-START 
PRODUCTS, INC. 


8151 N. RIDGEWAY AVE. 
SKOKIE, ILL. 


MULTI-PURPOSE DIGITIZER 


COSTS 
oer | only 


Model 310A : ‘ j 
Digitizer 


In the laboratory or on the production line, this all electronic, multipurpose 
digitizer is ideal for use as an analog to digital converter, voltmeter or data 
reduction element. Measuring voltages from 000.0-120.0 volts DC, it pro- 
vides accuracy of 0.1% of full scale and speed of 60 readings per second, 
automatically or on command . . . heretofore unobtainable at this low cost. 
Coded outputs of each significant figure in the visual readout provide a signal 
source to operate matrices, printers, punches, or categorizing equipment. 
Also available—special DC amplifiers which convert very low voltages 
(microvolt ranges) to levels useable by the Model 310A Digitizer . 


E(] Franklin Electronics, Inc. 


Llectronte &E Nuclear Development 
& Manufaclitung 
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WHAT‘’S NEW 


joining Dynac, the new president had 
spent fifteen years developing elec- 
tronic instrumentation at Lockheed 
Aircraft. He predicts that his young 
company, which has grown to 101 em- 
ployees in its 18 month history, will 
have 140 on the rolls before the end 
of the vear. 
> Hycon Mfg. Co. has appointed 
James Leonard as vice president, cus- 
tomer relations. Mr. Leonard was pre 
viously associated with Hughes Air- 
craft Corp., MESA, a management 
consultant firm, and the Chrysler 
Corp. 
© Clifton Precision Products has 
elected five new vice presidents. Louis 
E. Fagan, the firm’s oldest employee 
in point of service, was elected senior 
vice president in charge of manufac- 
turing. Amold E. Hayes was elected 
vice president and general manager; 
Thomas W. Shoop, vice president, 
sales; Alex B. Owan vice president 
and plant manager (Clifton Heights); 
and W. C. Richardson, vice president 
and plant manager (new facility). 
> Magnetic Amplifiers, Inc., has also 
elected new officers. They are: Harold 
A. Goldsmith, president, succeeding 
S. M. Kellen, who becomes chairman 
of the board, and Herbert Herz, execu- 
tive vice-president. Goldsmith and 
Herz were formerly vice-presidents. 

> Seymour B. C~hn, the new man- 
ager of Stanford Research Institute’s 
Antenna Svstems Laboratory, formerly 
headed SRL’s microwave group. He 
is a specialist in microwave research. 
> E. Justin Wilson Jr. succeeds Wil- 
liam J. Barr as research director of De 
troit Controls Corp. at Redwood City, 
Calif. Before he joined Detroit Con- 
trols in 1954, Wilson was with Flight 
Research, Inc., and Experiment, Inc., 
both of Richmond, Va., as vice-presi 
dent. Barr goes to company head- 
quarters at Detroit. 
> Stanley S. Walters, formerly chief 
of operations analysis for Convair’s 
Astronautics Div., joins the Technical 
Military Planning Operation in Santa 
Barbara, Calif., as a member of the 
Evaluation Section. Walters has also 
been with: the Army Dept. (consult- 
ant), Johns Hopkins University (op- 
erations analyst), Cambridge Research 
Center (R&D specialist), and Rand 
Corp. (mathematician). 
> New section chiefs in the Autonetics 
Div. of North American Aviation, 
Inc., are John L. Bower (automatic in- 
dustrial controls) and Lester L. Kil- 
patrick (digital computers). Both as- 
signments are in the division’s Com- 
puter & Industrial Controls Engineer- 
ing Dept. 
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(100) BIMETALLIC THERMOME- 
TERS. Moeller Instrument Co. Catalog 
225C, 12 pp. Discusses construction, ac- 
tuating element (a temperature-sensitive 
bimetallic helix), accuracy, etc., of two 
forms in particular: straight connection for 
mounting into top of apparatus, and back 
connection for mounting into the side. 
(101) “INCREDUCTOR NOTES”. CGS 
Laboratories, Inc. Periodical, 4 pp. This 
is a “from time to time” venture by CGS 
designed to keep readers informed of 
progress in development and use of high- 
frequency electrically-controllable induc- 
tors. The first issue described inductors 
and told how they work. 

(102) TUBULAR CAPACITORS. Pyra- 
mid Engineering Co. Engineering bulle- 
tin BTS, 4 pp. Deals with a plastic 
capacitor for printed circuitry, a completely 
encapsulated unit with these characteris- 
tics: 0.001 to 0.47 mfd capacity ranges; 
200-600 voltage ranges; § x 1% in. to 3 
x 1% in. size ranges. 

(103) EDGE REGISTER. Electronic 
Products Div. of Post Machinery Co. 
Bulletin ER-1, one sheet. Covers a ma- 
chine designed to control materials handled 
in a web form by detecting the web edge 
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position and using its displacement to 
actuate a directional control signal. 

104) ROTARY ACTUATOR. Grand 
Rapids Div. of Lear, Inc. Product data 
sheet 101-2, one sheet. Features of the 
Series 888 actuator include fast response, 
high holding torque, vibration resistance, 
and radio noise filter. A metal-powder 
clutch couples drive and driven members 
without surface-to-surface contact. 

105) WEIGHING PROCESSES. 
Weighing & Control Components, Inc. 
Catalog 12, 20 pp. Compares batch-in, 
batch-out, and continuous weighing proc- 
esses, explains how an automatic weighing 
system can be assembled by _building- 
block techniques, discusses electric and 
pneumatic weight transmitters. 

(106) IMPULSE COUNTER. Electronic 
Products Div. of Post Machinery Co. 
Bulletin PD-24, one sheet. Tells about a 
direct-impulse counter designed for rela- 
tively slow counting operations. Speed 
averages five objects per second, and will 
hit 10 for brief periods. Counter and 
photohead can be as far apart as 100 ft. 
(107) PRINTED-CIRCUIT  LAMI- 
NATE. International Resistance Co. Bul- 
letin Lt-2, 4 pp. Gives comprehensive 


ADDRESS 


CITY AND STATE 


data on size and thickness, properties, cur 
rent-carrying capacities, foil, and copper 
finish, makes post-etching suggestions and 
handling recommendations 

(108) SILICON TRANSISTORS. Tran 
sitron Electronic Corp. Bulletin TE 1353 
8 pp. (loose). Covers high-gain, medium- 
gain, high-frequency, and general-purpose 
types of npn units designed for low-level 
signal applications up to 175 deg C. Gives 
specs and characteristics at 25 deg C 
(109) SECTOR POTENTIOMETERS 
Norden-Ketay Corp. Bulletin 415, one 
sheet. Presents specs and outline draw- 
ings for pots designed to operate in damp 
ing fluids, and in temperatures of more 
than 150 deg C. Life exceeds 1 million 
cycles, resolutions are down to 0.0006 in 
(110) INDUSTRIAL METERING Nep 
tune Meter Co. Bulletin Ni-57, 12 pp 
Combines reports on successful case his- 
tories with data on various meters and 
registers. Also maintenance rules, 
installation suggestions, and results of 
surveys aimed at saving and controlling 
costs and improving quality control 

(111 CIRCUIT CONNECTORS. U.S 
Components, Inc. Condensed 
Illustrates the company’s complete line 


gives 


catalog 
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of connectors, lists key specifications and 
operating characteristics. Line covers sub- 
miniature and miniature power and elec- 
tronic connectors, pressurized, waterproof, 
or hermetically sealed. 

(112) TAPE HANDLER. Remington- 
Rand Univac Div. of Sperry Rand Corp. 
Brochure, 6 pp. Describes a new mag- 
netic unit with built-in controls oul 
cally designed for the Univac File-Com- 
puter. Given instructions, it searches a 
tape automatically for proper data while 
the computer goes about other jobs. 
(113) CONTROL SYSTEMS. Rundel 
Electric Co. Folder, 4 pp. Illustrates sys- 
tems for controlling high voltage, 
processes, gage boards, materials handling 
devices, load bank testing. Particular at- 
tention given to crane control and explo- 
sion-proof control systems. 

(114) TRANSISTORIZED POWER. 
Amold Magnetics Corp. Bulletin S-2-37, 
4 pp. All about a low-voltage to high- 
voltage de converter regulating against line 
and load variations simultaneously. Rated 
at 60 watts continuous duty, it can be 
used as a plate or bias supply for flight 
control systems, as a replacement for 
rotating equipment, etc. 
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(115) ELECTRONIC CO 
tronic Products Div. of Post Machinery 
Co. Bulletin PD-28, one sheet. De- 
scribes a preset device that counts up to 
5,000 units/sec and selects a total count 
of from one to 100,000 and a warning 
count of the same amount. Photohead 
can be as much as 100 ft away from 
counter without preamplification. 

(116) FLOW AND CONTROL. The 
Hays Corp. Publication 54-766-38, 8 pp 
Deals with two Hays products, the Veri- 
flow, which meters, indicates, and totals 
liquids, and the Veritrol, which controls 
these operations. Liquids handled include 
water, molasses, sulfuric acid, coal tar 
(117) PANEL METERS. Weston Elec- 
trical Instrument Corp. Bulletin. Covers 
Weston’s group of long-scale (250 deg) 
panel meters for special applications. Bal- 
listic characteristics, sensitivity, and ac- 
curacy are all said to be excellent. Sizes 
range from 2% to 54 in. 

(118) TESTING FLIGHT INSTRU- 
MENTS. Norden-Ketay Corp. Bulletin 
442, 8 pp. Describes a set for flight-line 
testing of aircraft pressure instruments and 
systems. Temperature probes are simu- 
lated, and pitot and static pressures gen 
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erated in checks on altimeters, Mach 
meters, airspeed indicators, and true air- 
speed computers. 

(119) PRESSURE INDICATOR. Kistler 
Instrument Co. Bulletin, 4 pp. Details 
the SLM, a quartz pressure transducer and 
preamplifier-calibrator, whose accuracy is 
said to compare favorably with that of 
the best balanced diaphragm indicator. 
Static pressures can be calibrated and 
displayed on an oscilloscope. 

(120) OIL CAPACITORS. Industrial 
Condenser Corp. Catalog 1180. Covers 
an enlarged line of heavy-duty industrial 
units available in rectangular, bathtub, and 
tubular cases. Capacities go up to 24 mfd 
and 6,000 volts. 

(121) TRANSISTOR SERVO AMPLI- 
FIERS. M. Ten Bosch, Inc. Form 1800, 
4 pp. Particularly effective in airborne 
applications, these ““Tramps”, says the 
literature, are extremely lightweight and 
compact, and give up to 9 watts of power 
for standard servo meters in response to 
ac signals. Life is 10,000 hours 

(122) RESOLVER. Norden-Ketay Corp 
Bulletin 438, one sheet. Gives salient 
features of a new size 15 resolver, designed 
Mark 4, Mol 1 by the u of Ord- 
nance. It is said to have r accuracy 
(plus or minus l per nt 1! pedan e 
than any size 15 befor Range 
minus 55 to plus 85 d 

(123) HIGH-VACUUM STILL. Arthur 
F. Smith Co. Folder, 16 pp. Gives first 
class coverage of the “ Film Still’, 
which purifies and isolates »ecific com 
pound at molecular weights of 250 or 
more, the point at which distillation b 
comes the prey of atmospheric gase 

(124) TRANSISTOR ANALYZER 
Norden-Ketay Corp. Bulletin 387C, 4 pp 
Describes a transistor curve tracer (Model 
BCT-300) that measures transistor chat 
acteristics by either oscilloscope display 
methods or direct-reading 
voltmeter techniques. Range is 20 watts, 
8 amps, or 267 volt 

(125) MAGNETIC DRUM STORAGE 
Remington-Rand Univac Div. of Sperrs 
Rand Corp. Brochure, 6 pp. Covers w 
Rem-Rand calls the heart of the Univa 
file-compute r data-processir stem; 1 
pacity is 180,0 haracters. Data given 
on construction, operation, speed, fun 
tioning, etc 

(126) LINEAL FOOTAGE COUNTER 
Electronic Products Div of Post Machinery 
Co. Bulletin PD-27, one sheet. Tells 
about an accessory to the Post Decitron 
electronic counter that makes accurate 
measurements of continuous production 
items. One count is equal to one foot; 
the total in feet and in number of “runs” 
per day is recorded on tapes 

(127) BERKELEY INSTRUMENTS. 
Berkeley Div. of Beckman Instruments, 
Inc. Short form catalog c-704, 8 pp 
Presents Berkeley’s line of counting, tim- 
ing, and frequency measuring equipment; 
special and general-purpose test instru- 
ments; and analog computers and _preci- 
sion components for the EASE systems 
(128) STREAM JET PUMPS. Schutte & 
Koerting Co. Bulletin 4E, 8 pp. Text, 
tables, and graphs describe a line of air and 
gas exhauster and compressor pumps that 
operate on the stream-jet principle. Major 
uses are in power, process, and manufac- 
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turing plants, and in research laboratories. 

(129) ACCUMULATORS. _ Industrial 

Hydraulics:Div. of The Parker Appliance ou # 
Co. Catalog 1530, 36 pp. Deals at length 


with a piston-type unit for hydraulic sys- 
tems that absorbs shock of pressure surges, 
cuts down the size of pumps and motors, wh at you set — 
dispenses and controls fluids, etc. Data 
includes capacities, minimum burst pres- 


sures, weights, operating temperature No Mo re — No Less : 
ranges, fluids used, etc. e 
(130) ELECTRONIC COUNTER. Elec- 
tronic Products Div. of Post Machinery 
Co. Bulletin PD-10A, one sheet. De- 
scribes a reliable industrial unit that can 
be set to count batches of from one to 
1,000 in many combinations, and up to 
200,000 per hour with a direct reading 
totalizer. Two scales are available. 

(131) TYPE Q POTENTIOMETER 
International Resistance Co. Bulletin 
A-4a, 4 pp. A lot of detail on the con 
struction, characteristics, and operation 
combinations of the Type Q control unit. 
132) PRD REPORTS. Polytechnic 
Research & Development Co., Inc. Vol. 
5, No. 2, 6 pp. Features of this issue 
January 1957) are a technical paper on 
a microwave test equipment system for 
antenna pattern measurements, and an 
index of “Reports” back as far as 1953. 
(133) NEW PUBLICATION. G. M. 
Giannini & Co., Inc. Giannini Technical 
Notes, 8 pp. The first issue of this new 
six-times-a-year periodical carries technical 
features on an elevator trim system for 
supersonic aircraft and on calibrating gyros 
without tapping. There is also a data 
sheet on Young’s modulus of elasticity. 
(134) METERING. Milton Roy Co. Ap 
plication engineering data sheet E-57-] 
Shows how controlled-volume pumps are 
used for metering sweeteners, inhibitors, 
and metal deactivators to gasoline. 


(135) COOLING TOWERS. Milton 

Roy Co. Application engineering data WwW 

sheet D-57-1, 4 pp. Another application hen you use 
of controlled-volume pumps (see 134 


above), this one involving cooling towers. 


Tells how the pumps combat corrosion : | t PA t 

and delignification a metering precise Disp acemen e ers 

quantities of chemicals to cooling water. 

(136) TIMING MOTORS. A. W. Hay- f p t | 
don Co. Bulletin AWH MO 805, 2 pp. or rocess con ro 
Contains technical information on the ; =? Seen . ; . . 
function of three basic de timing motors, Consistent accuracy in liquid measurements is obtained with Niagara 
along with a detailed explanation of con Electricontact Meters. Set the gauge for the number of gallons required 
struction and operation, Cutaway view and accuracy goes into action. The set number of gallons will be exactly 
shows the rotor construction and self-con measured through the meter and the flow stopped by the closing of a 
tained gear train. solenoid valve. 

(137) LABORATORY FURNITURE : a ‘ : 

Metalab Equipment Corp. Catalog No. Niagara Meters are of the accurate, positive displacement type. Each 
4-B, 176 pp. This comprehensive catalog Niagara Meter is guaranteed to be individually tested and calibrated 
covers a complete line of sectional labo at the factory to run within close tolerances at all rates of flow within 
ratory furniture for industrial and educa- its rated capacity. 

tional use. It also contains a section on 

laboratory planning to overcome building Learn all the facts... 

limitations. General specifications cover Mail the coupon for Please send me complete information on 
both materials and construction details ’ : the use of Niagara Electricontact Meters for 
(138) FINE RESISTANCE WIRI complete Sapermation. liquid formulations. 


Driver-Harris Co. Bulletin 157, 12 pp Liquid 

; : quid used 
Gives complete data on the electrical and ra) 
physical properties of several resistance BUFFAL Flow G.P.M. 
alloys. Complete with charts and tables, Cc Name 
the bulletin makes it easy for the user to METER 3°. Company 
determine exactly which alloy will prove 


most economical and effective for a spe 2932 Main Street Address 
cific purpose. BUFFALO 14, N.Y. 
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APPLICATION 
LITERATURE 


NOTE: Because some of the following 
literature items are in short supply, we 
have omitted card numbers and suggest 
readers write directly to the firms involved. 


MEASURING TIME INTERVALS. 
Dept. 7386, Beckman/Berkeley Div., 2200 
Wright Ave., Richmond, 3, Calif. Data 
File 112, 10 pp. Among the subjects cov 
ered in this new 10-page booklet are: 
an electronic time interval meter; methods 
for measuring pulse width and elapsed 


The small dots ore photosensitive resis- 
tors connected by gold conductors. 





This 70-cell photosensitive resistor 
“reads” a punched tape... 
What do you want to read? 


data file 

The Kodak Ektron Detector makes possible new techniques 

for reading punched tapes, cards, code wheels, and the like. sie 

The lead sulfide photosensitive elements can be laid down in 

all sorts of complex and exact arrays and mosaics. Units are 

characterized by a broad signal response from 0.25 microns : 

in the ultraviolet to 3.5 microns in the infrared, a high ee 

signal-to-noise ratio, stability under vibration, and small 

size. For a booklet giving detailed information on Kodak 

Ektron Detectors, write Military and Special time; low-frequency period measurements; 

Products Sales, J “A timing relay operations; testing camera 
shutter speeds with a time interval meter; 

EASTMAN KODAK COMPANY and velocity measurements. Discussion 

Rochester 4, N.Y. of each of the above subjects is accom- 

. panied by block diagrams, photos, and 

schematics. This information should com- 
plement the frequency measuring data 
(Data File 111) described in September 


PHOTOGRAPHIC SPECTROGRAPHS 
Information Service of the Jarrell-Ash Co., 
26 Farwell St., Newtonville, 60, Mass 
Brochure CH403, 24 pp. This publica- 
tion represents the third in a series of 
spectrochemical analysis guidebooks pre 
pared by the manufacturer, Hilger & 
Watts, Ltd., and distributed in the Uni 
ted States by the Jarrell-Ash Co. A variety 


MODEL 212A .. . 0 to 100 V de 
100 mo. Regulation 0.1% or 0.02 
volt over entire range of lood ond 
input voltage. Weight 14 Ibs 
30" HW x 19" W x 9%" D. Price 
$129.00 unmetered. 


FOR THE BEST IN 
STRAIN GAUGE 
PERFORMANCE 


POWER WITH'REGATRONS ae 


REGATRON Power Packs 
are ideally suited for excita- 
tion of resistance-type strain 
gauges. 

The REGATRON circuit is 
such that even with the out- 
put control set at a fraction 
of a volt there is no loss 
of specified regulation, out- 
put current capabilities or 
stability. 


108F 
Fs %, 


EASUREMENTS COMPANY 
J 


f INCORPORATED 


«2 f 
4tmurnc’ 


Available in voltage ranges 
up to 100 and currents up to 
3 amperes. All models have 
a continuously variable main 
voltage control and a vernier 
control for fine adjustments 

. and only REGATRON 
Power Packs are remotely 
programmable for process 
control and automation. Write 
for bulletin. 


® Registered U.S. Patent Office. 
Patents Pending. 


EATONTOWN + NEW JERSEY 
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of prism spectrographs are described, 
curves showing how both spectrum lengths 
ind dispersions vary with wavelengths. 
One Jaco-Ebert plane grating spectrograph 
is also covered, and is accompanied by a 
simplified optical diagram of the unit and 
a table of standard settings. In addition, 
the brochure describes a variety of stand 
ard attachments and a number of useful 
accessories, including condensing lenses, 





How to Save Man Days in Research and Testing Involving Transients— No.2 of a series 
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PROBLEM: Transients—Capture and Study 





Ask to see the MEMO-SCOPE Oscilloscope in action. A Hughes 
representative will arrange an on-the-job demonstration — at your 
convenience. Make your request to: 

HUGHES PRODUCTS, MEMO-SCOPE Oscilloscope 


International Airport Station, Los Angeles 45, California 


If you’re engaged in watching transients, the profit- 
watchers may be watching you. Because transient study 
on conventional scopes can waste time, effort and re- 
search dollars. Inability to “capture’’ traces need never 


happen to you. 


SOLUTION: The happy answer is the new Hughes 
MEMO-SCOPE ® Storage Type Oscilloscope. A trans- 
ient recorder with a memory, it can capture and retain 
single or successive writings for an infinite length of time 
or until intentionally erased. Any number of elusive wave 
forms may be instantly “frozen” in brilliant display for 
study or photography at leisure. The savings to you 
are self-evident. 


HUGHES MEMO-SCOPE OSCILLOSCOPE 


STORAGE TUBE 

5-inch diameter Memotron® Direct Display Cathode Ray 
Storage Tube. Writing — for storage: 125,000 inches per 
second. The optional Speed Enhancement Feature multi- 
plies writing speed approximately four times. 

MAIN VERTICAL DEFLECTION AMPLIFIER 

Frequency Response: DC to 700 KC down 3 db at 700 KC. 


MAIN HORIZONTAL DEFLECTION AMPLIFIER 


Frequency Response: DC to 250 KC down 3 db within that 
range. 


Sensitivity: 0.5 volts to 50 volts per division continuously 
adjustable. 


Input Impedance: 1 megohm shunted by 50 yyf. 


I 
Creating a new world with ELECTRONICS 


HUGHES PRODUCTS 


@® Trademark Hughes Aircraft Company 
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FLAT 
CAMS 


3D 


BARREL 
CAMS CAMS 


e offered in a variety of types 
e with tolerances to +0.0005” 


e for wide range of computing 
and motion applications 


Whatever your computing or motion 
application, Ford Instrument can 
make the cam to meet your exacting 
needs...3-D Cams, grooved flat cams, 
external flat cams, grooved cylindri- 
cal cams. The Company’s unique 
cam-production facility — and many 
years of experience — guarantee un- 
matched performance in this field. 


FREE — Fully illustrated 
data bulletin gives speci- 
fications and perform- 
ance informatior. Please 
address Dept. C 
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FORD INSTRUMENT 
COMPANY 
Division of Sperry Rand Cocporation 
31-10 Thomson Ave. 
Long Island City 1, N. Y. 


Ford Instrument’s standard components 
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Telesyn 
Synchros 
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APPLICATION 
LITERATURE 


fixed and adjustable slits, step filters, 
stepped sectors, and photographic plates. 


ANALYSIS INSTRUMENTATION. 
Beckman/Scientific Instruments _ Div., 
2500 Fullerton Rd., Fullerton, Calif. 
Literature Package #4-1 (about 22 pp.). 
Offered as a package, this new Beckman 
literature covers some important areas of 
instrument application in spectrophotom- 
etry and gas chromatography. Featured are 


Beckman 
technical data 


separate reports on: fluorescence spectro- 
photometry; near-infrared spectrophotom- 
etry; analysis of aerosol-type propellents 
by gas chromatography; and the determina- 
tion of sulfur content by the versatile 
ultraviolet absorptiometric method. In ad- 
dition, a two-page application data sheet 
describes how the Model DK-2 Spectro- 
photometer is being used to accurately 
record trace impurities in high-transmit- 
tance reagents. Shown is the cover of one 
of the four-page technical data sheets 


REACTOR CHARACTERISTICS. Con 
trol Div. of Magnetics, Inc., Box 391, 
Butler, Pa. Catalog R-10, 32 pp. After 
a brief description of the company’s stand- 
ard line of 240-volt and 120-volt saturable 
reactors, this new booklet presents three 
full pages of typical application circuits. 


CONTROT, 


ndara 


\ cutaway view on page 6 shows the in- 
ternal construction of these units. The 
various electrical definitions and tests used 
to define the electrical characteristics of 
saturable reactors are also described in 
detail. These include: rated load, volt- 
ampere amplification, time of response, 
and figure of merit 


Heavy Duty 
MINIATURE 


RELAYS 


for Industrial 


Keliability 


Special heavy duty 
contact arms and 
contacts switch 10 
amperes (non-induc- 
tive) reliably in 
heavy duty service. 
Contact combinations up to 4PDT for DC 


operation and DPDT for AC. Operating 
voltages to 230 V, DC and 440 V, 60 C. 
Resistance to shock, vibration and tem- 

| perature change to meet military specifi- 
cations. 

| Heavy duty contacts can also be furnished 

| in combinations with normal or low leve: 
signal load contacts 

| Available with plug-in mounting, also dust 
tight or hermetically sealed enclosure. 


Class 22P 
6PDT Relay 
with 20-pin Plug. 


| Magnecraft Plug-in Relays 


| @ Simplify wiring — may be plugged in 
after equipment is installed. 

@ Easily removed or replaced — no 
special skill or equipment required. 

| @ Permit inspection, testing or adjust- 

ment with negligible down time. 

| Available for wide range of requirements. 


Tell us what you need or send for catalog. 


MAGNECRAFT 


Electric Company 
3354F W. Grand, Chicago 51, Ill. 











RMC instruments 
have completed 


THERMOMETERS 
Bimetal, dial types. Dial sizes from 1” 
to 5”—Stem lengths from 214” to 70” 
Scale ranges from —I150°F to 
+1000°F. Guaranteed accuracy to 1% 
of scale range. All stainless steel con- 
struction. Hermetically sealed dial. 
External dial reset device optional 


LIQUID LEVEL GAUGES 

Types and sizes for just about every 
possible application. Gauge heads pres- 
sure-tight for use with high operating 
pressures. Lifetime magnetic drive. 
(Also electrically operated remote in- 
dicating fuel gauges). 





PRESSURE GAUGES 

Both ordinary and extra-high-pressure 
types. All withstand very high overload 
pressure above nominal scale reading. 
Accurate under all conditions. (RMC- 
Lindsay Gauge handles pressures up to 
15,000 psi. with dial sizes as small as 
1” overall). 


PRESSURE and VACUUM SWITCHES 
For close calibration requirements 
Vibration resistant—will stand heavy 
pulsating pressures and maintain con- 
sistent cut-in and cut-out settings. Fac- 
tory calibrated to open or close a con- 
tact at fixed pressure values. Case 134” 


overall. Pressures 4 to 100 psi. Vac- 
uums 4 to 26 in. Hg. 


If none of these will fill your needs, 
we'll fit one to your specifications 


Although we manufacture some 150 different instruments in more than 1,000 stock 
models, we have found that control system requirements are oftentimes too highly 
specialized to use any of them as is. As a result, our engineering department has become 
quite adept in coming up with the answer to suit the specification. Why not let us show 
you what we can do by way of specialized applications. 


Write, wire or phone—tell us your requirements for 
indicating instruments or actuating switches, and 
let RMC engineering skill provide the answers. 


LIQUID LEVEL, TEMPERATURE and PRESSURE INSTRUMENTS 


ROCHESTER MANUFACTURING CO., INC. 
210 ROCKWOOD STREET + ROCHESTER 10, N.Y. 
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PRAM A Rr OEE, SEALER EOE, SLO Ri 


Type MR Rack Mounted 


DIRECT WRITING OSCILLOGRAPH 


unequalled for versatility and performance! 


rectilinear recording 
curvilinear recording 
heat sensitive recording 
electric recording 

. ink recording 

- 15/uv/mm d-c sensitivity 


- zero drift 


IN A SINGLE 
RECORDER! 


Write for 12 page, 2 color catalog— 
gives details and specifications. 


OFFNER 
ELECTRONICS 


5316 N. KEDZIE AVE. @ CHICAGO 25, ILL. 
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| AssTRACTS 


Backlash and its Effect on Complex Systems 


From ‘Combined Hysteresis and 
Nonlinear Gains in Complex Con- 
trol Systems” by R. V. Halstenberg 
of Convair. IRE PGAC paper pre- 
sented at the Symposium on Non- 
linear Control, San Francisco, Aug. 

19, 1957. 

In many closed loop systems unin- 
tentional nonlinearities at low operat- 
ing levels often render attempts at 
linear analysis useless. One quite 
prevalent nonlinearity is the one 
known as hysteresis or backlash. This 
particular characteristic results from 
play in gears, bearings, and mechanical 














only general method that is available. 

Just as linear systems can be stabi 
lized or improved by appropriate com 
pensation, so can low amplitude non 
linear response be improved by prope 
shaping of the linear locus. Naturally, 
the nonlinear problem is somewhat 
more complex: there is a locus to be 
avoided instead of a single point. Ex 
amples of this type of compensation 
are given in Appendix II. 

If hysteresis and a nonlinear gain 
clement appeal together in a system, 
one approach in a describing function 
analysis would be to determine a 
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connections. Another important but 
less obvious cause of backlash is fric- 
tion. Whenever force is the input to 
a system containing friction, a hys- 
teresis loop is formed whose width is 
equal to twice the friction. Friction 
also exists in zero-force linkages found 
in some aircraft systems. A plot of 
input versus output for a push rod 
with finite spring constant would show 
a hysteresis loop twice as wide as 
the friction divided by the spring con- 
stant. 

As important as the causes of hys- 
teresis are the effects produced by 
hysteresis. The worst result, of course, 
is a sustained oscillation known as a 
limit circle. Other effects on a closed 
loop system include phase lag and 
gain reduction, and a reduction in 
steady-state accuracy. 

Analysis by means of either describ 
ing functions or analog computers is 
quite helpful. Describing functions 
can be used to determine the low 
amplitude stability characteristics of 
most systems with a single hysteresis 
loop. An analog computer, however, 
is much faster and readily provides 
information on the transient response, 
not available by describing functions. 
When more than one hysteresis Soop 
cxists in a system, computation if the 


describing function for the combina- 
tion. Another, limited, 
would be to prepare an amplitude- 
phase plot for the linear part of the 
system and apply the describing func 
tion in the usual manner. These com 
bined plots will then yield: frequency, 
gain required to cause a limit cycle at 
that frequency, and amplitude of the 
limit cycle that could occur. 

The figure above is a block diagram 
taken from Appendix III in which is 
given an example of hysteresis and 
nonlinear gain in series. K,/s here 
represents an hydraulic valve and ac 
tuator combination. The example de- 
termines the effects of a nonlinear K, 
on low-amplitude stability. 
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Adaptive Vs. Linear 


From “Adaptive Servomechanisms” 
by R. F. Drenick and R. A. Shah 
bender of Radio Corp. of America. 

AIEE Transactions Paper No. 

57-388. Presented at the Summer! 

General Meeting, Montreal, Que 

bec, Can., June 24-28, 1957. 

In this generalized approach to the 
logical design of “adaptive” servo 
mechanisms, the term “adaptive’’ re 
fers to control systems which, rough]; 
speaking, monitor their own pet 
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formance and adjust some of their 
parameters for better performance. 

Underlying the technique described 
here is the requirement that the servo 
loop adjust. its parameters so as to 
minimize the steady-state rms error 
resulting from a polynomial input 
signal in the presence of noise. This 
condition specifies a functional rela- 
tion between the servo parameters and 
the polynomial input. The physica’ 
realization of these functional rela- 
tionships is treated in the paper and 
leads to the adaption loops necessary 
to produce the adaptive behavior. 

As an example of the synthesis pro- 
cedure, the design of a second-order 
adaptive system is presented. Analog 
computer results demonstrating that 
the adaptive system is superior in per- 
formance to linear systems of the same 
order are also included. 


New Disc Memory 


From “An Air-Floating Disc Mag- 
netic Memory Unit” by W. A. Far- 
rand, North American Aviation. 
Paper presented at the Western 

Electronic Show & Convention, 

San Francisco, Aug. 21, 1957. 

(his paper describes a new mag- 
netic disc memory unit for handling 
digital data. The unit, a_ time- 
sequenced, recirculating, precessing, 
and storing memory, uses a magnetic- 
oxide coated disc that revolves below 
a headplate containing fixed recording 
and reproducing heads. The magnetic 
gap is maintained by an auto-lubri 
cated air bearing that is engaged and 
disengaged by a solenoid. 

Units using 32-loops with densi 
ties of 180 cells per inch on the out 
side track are in operation today with 
magnetic cross-talk under 2 percent 
Readout modulation and base distor 
tion are both less than 5 percent; 
“write” currents range from 4 to 20 
ma. One of the units, containing 
85,000 cells on 40 tracks, measures 
8% in. in diam by 6 in. high. 


Controlled Boring Mill 


From “Electronically Controlled 
Machine Tools In Service” by C. A. 
Sparks, H. W. Kearns & Co., Ltd. 
An address delivered to the con- 
ference accompanying the Instru 
ments, Electronics, &* Automation 
Exhibition, London, England, May 
7-17, 1957. 
A considerable amount of informa- 
tion is available on, and considerable 
experience has been accumulated with, 





TIMERS...SPECIAL 


Standard or 
special — 
Industrial Timer 
makes 

rapid deliveries 
on all models 


Sometimes you need a standard 
model timer . . . other times you 
need a special. Either way we 
can give you the extra rapid 
service you may need because 
of the efficient way we design, 
manufacture and stock timers 
for industrial applications. 


To meet all of the widely 
varying needs of our customers 
we manufacture a complete line 
of timers in the four broad clas- 
sifications illustrated here: 


1. TIME DELAY TIMERS 

2. INTERVAL TIMERS 

3. RE-CYCLING TIMERS 

4. RUNNING TIME METERS 


From these we have already 
developed 20 basic types which 
can be combined in endless 
number of ways . . . to date, 
our engineers have combined 
them into over 1000 different 
models. So what might seem to 
be a special timer requirement 
to you, will very often be a 
standard timer in our large 
stock, and that is the reason we 
have the ability to fill special 
orders so quickly. And as far 
as standard timers are con- 
cerned we can give overnight 
service if necessary. 

So, for the utmost in all- 
round service depend on us for 
this outstanding combination: 
deliveries “Immediate on Stan- 
dards . . . First on Specials”. 
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control projects — 
profit by our 
timing application 
experience 
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control projects when you can 
place them with us and get 
faster solutions. Even though 
no two automatic control jobs 
are ever exactly alike, and even 
though the timer requirements 
of each are very different we 
have established an excellent 
record in helping out in these 
Situations 

20 years of experience in an- 
alyzing complex timer applica- 
tions has provided us with the 
special knowledge required to 
give our customers the right an- 
swer in near-record time. 

Our large stock of standard 
and combination timers enables 
us very often to fill orders for 
these requirements without any 
time loss because we have al- 
ready developed so many new 
combinations specifically for 
automatic control functions. 

Extra special automatic con- 
trol timer — this calls for 
originai designing. Our engi- 
neers will go right to work and 
get the job done. That’s the way 
we grow and we like it. 

Whatever your control prob- 
lem, you have everything to 
gain by submitting it to our 
timer specialists. They'll come 
up with the answer —— almost 
with the speed of automatic 
control itself. 
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automatic control of mass-production 
machine tools. Few details, however, 
have been published on the new ma- 
chines designed primarily for the 
manufacture of single parts or very 
short runs. 

The author hopes his book is a 
step forward in remedying this situa- 
tion. He presents some of the prob- 
lems involved in applying electronic 
control equipment to this particular 
class of machine tool, and suggests a 
few of the solutions, ‘using as an ex- 
ample a new British horizontal boring 
machine featuring electronic coordi- 
nate setting. The machine was origi- 
nally designed with the idea of making 
it a workshop proposition, and for this 
reason only the sturdiest electronic 
equipment was specified. 

A complete history of the new ma- 
chine’s service experience is presented 
to dispel the theory that it requires a 
specialized staff for maintenance and 
operation. 


Applied Static Controls 


From “Some Applications of Mag- 
netic Amplifiers in Aircraft Gen- 
erator Protective Systems” by D. L. 
Plette and J. W. Butler, both of 
General Electric Co. AIEE Paper 
No. DP 57-481. Presented at the 
East Central and Middle Eastern 
District Meeting and Air Trans- 
portation Conference, Dayton, 

Ohio, May 7-9, 1957. 

Much of the progress made in the 
last five or six years in improving air- 
craft generator regulation and excita- 
tion systems can be attributed to a 
combination of static magnetic com- 
ponents and dry disc rectifiers. At 
the same time, most of the protective 
devices used in these systems have 
relied on fairly critical relays. Sensi- 
tive to acceleration, shock, and vibra- 
tion, these relays have rather unpre- 
dictable operating points. The au- 
thors feel, therefore, that both reli- 
ability and accuracy of protective sys- 
tems can be greatly improved by the 
use of magnetic amplifiers in place of 
the relays. 

Some of the amplifiers’ advantages 
cited: the ability to operate voltage 
comparison circuits and frequency 
comparison circuits at a fairly low 
power level, and to amplify the error 
signal produced to a level sufficient to 
operate a more reliable standard relay. 
hus voltage to the relay coil is either 
full “on” or full “off”. The use of 
standard, noncritical relays also _per- 
mits the system to mect shock, vibra- 


tion, and acceleration requirements. 
A final advantage of magnetic ampli 
fiers is their inherent ability to pro- 
vide time delays, both fixed and in 
verse. 

Circuits described in this paper in 
clude under- and over-voltage relays, 
fixed-time-delay relays, and under 
frequency relays. All use magnetic 
auiplificrs «ad imake no additional 
weight or space demands. 


New Open-Loop Device 
From “A New Type Step Motor’ 
by Samuel Noodleman, The B. A. 
Wesche Electric Co. AIEE Paper 
No. DP 57-464. Presented at the 
East Central and Middle Eastern 
District Meeting and Air Trans 
portation Conference, Dayton, 
Ohio, May 7-9, 1957. 

This paper describes a new powe: 
device of the open-loop type, a step 
motor that operates from single phase 
ac. Operation of this type step motor 
is on the principle of a squirrel-cage 
rotor with groups of bars which, when 
placed in a single phase field, will 
generate currents that tend to posi 
tion the rotor in the center of the 


stator flux. In general, the rotor will 
move and hold in a position of mini 


mum rotor current. As the rotor 
moves away from the center of th 
stator flux, more and more circulating 
currents are produced. When the 
center of the rotor bars is 90 deg from 
the flux center, torque direction 
changes abruptly. Any displacement 
of the rotor from its neutral position 
will develop a restoring torque in the 
rotor. 

When several equally spaced statot 
windings are progressively energized, 
the center of the pole flux shifts and 
the rotor will step and align itself to 
follow the shifting center. The an 
gular displacement on each step is in 
versely proportional to the number of 
poles and phases (at least three phases 
must be used, however). A two-phase 
winding would try to position the 
rotor 90 deg away from the neutral, 
a point at which the positioning 
torque is quite unstable. 

The unit has a number of unusual 
advantages. Since it is basically a 
squirrel-cage rotor with a polyphasc 
stator, motor operation is possible. 
Also, by using special commutato1 
arrangements or other rotary switch- 
ing devices, the unit becomes a vari 
able-speed ac induction motor, in ex 
act synchronism with the speeds de 
termined by the commutator. 
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INSTRUMENT AND 
CONTROL MANUAL FOR 
OPERATING ENGINEERS 


Finger-tip informa- 
tion on the construc- 
tion and operation of 
all types of indicators, 
controllers, and con- 
trol systems. Designed 
for the man in the 
plant . . describes 
the most modern in- 
struments for meas- 
ng and controlling 
iquid levels, pres- 
ure, temperature, 
peed, and humidity. 
: frovides you with 
concise explanations of various systems, 
and enables you to maintain your con- 
trol equipment with minimum loss in time 
and labor. By Eugene W. F. Feller, Operat- 
ing Engr. 426 pp., 484 illus., $7.00 


ENGINEERING 
ELECTRONICS 


Gives you sound knowledge of electronics 
theory for effectively designing and work- 
ing with modern electronics equipment for 
industry. From basic facts on vacuum tubes 
as circuit elements to more advanced topics 
such as switching circuits, computing am- 
plifiers, power rectification, and electronics 
motor control, this big, 666-page book 
covers a broad area in a way that is clear, 
concise, and useful. By John D. Ryder, 
Dean of Engrg., Michigan State U., 666 
pp., 796 illus., $9.50 


MATHEMATICS FOR 
SCIENCE AND 
ENGINEERING 


JUST PUBLISHED! A _ reference book 
planned especially to help engineers and 
technicians find, understand, and apply 
the mathematical procedures best adapted 
to solve a particular problem simply and 
quickly. Covers mathematics ali the way 
from arithmetic to such things as complex 
numbers, infinite series, and methods of 
approximation. By Philip L. Alger, Cons. 
Eng., GE. 360 pp., 117 figures, $6.95 


EPOXY RESINS 


JUST PUBLISHED! 
Covers the whole range 
of information needed to 
make effective industrial 
use of epoxy resins. Ap- 
plications, covered against 
a@ background of chemis- 
try and technology of 
the resins and their re- 
actions in curing, include 
complete plotting of elec- 
tric coils used in sol- 
enoids, torroid coils, etc. 
By Henry Lee and Kris 
Neville, The Epoxylite 
Corp. 305 pp., 176 illus., 
$8.00 
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Using the Algorithm 
Linear ProcraMmMinc: An Expla- 
nation of the Simple Algorithm, by 
Dakota U. Greenwald, 75 pp. The 
Ronald Press Co., New York, 1957, 
$3.00. 


This is a small volume which illus- 
trates step by step how to apply Dant- 
zig’s “simplex’’ technique to find the 
optimum “solution” for several linear 
equations in several variables. Un- 
like Dantzig’s original paper on linear 
programming (Monograph No. 13, 
Cowles Commission for Research in 
Economics, 1951), which used the 
concepts and notations of modern 
algebra to present a rigorous proof of 
the correctness of the technique, this 
little book uses simple college alge- 
bra and takes the steps slowly and 
in detail. ‘The simplex algorithm is 
primarily a device for hand-computa- 
tion of problems with less than, say, 
four variables, though it has been 
programmed into electronic com- 
puters to optimize 100 equations with 
1,500 unknowns in less than 8 hours. 
[he present status of linear program- 
ming is reviewed by Dantzig, its in- 
ventor, in “Recent Advances in Linear 
Programming”, in the January 1956 
issue of Management Science. 


Physical Electronics Today 
FUNDAMENTALS OF ELECTRON DeE- 
vices. Karl R. Spangenberg, Pro- 
fessor of Electrical Engineering, 
Stanford University. 505 pp. Pub- 
lished by McGraw-Hill Book Co., 
Inc., New York, 1957. $10. 
Primarily intended as an introduc- 

tory text on electronics, this book 

should be of interest to a much wider 
group than undergraduate EE’s. Con- 
trol engineers, for example, whose cx- 
perience has largely been with pneu- 
matic or hydraulic devices and who 
would like to become familiar with the 
principles of electronics, should find 
this text quite digestible. Graduate 

EE’s whose formal education covered 

very little on electronics and nothing 

at all on transistors could also profit 
by it. 

Not only does the author discuss 
the operating characteristics of vac- 
uum tubes and transistors, but he also 
stresses the internal physics of each. 
Hfe emphasizes the similarities rather 
than the differences between them. 
This is accomplished to a great extent 
through the common denominators of 
semiconductor and potential theory. 


Thirteen short appendixes are in- 
cluded to show the derivation of some 
of the fundamental relationships. A 
few examples would be the derivations 
of the diffusion equation, the ther- 
mionic emission equation, and the 
Child-Langmuir Law. Problems per- 
taining to each chapter are grouped 
together in a single section at the back 
of the book. A bibliography of over 
200 references, keyed throughout the 
text, is also included. 


A Needed Text 
SysteEM ENGINEERING: An Intro- 
duction to the Design of Large- 
scale Systems by Harry H. Goode 
and Robert E. Machol, 551 pp. 
Published by McGraw-Hill Book 
Co., Inc., New York, 1957, $10.00. 
Here is a book that has been badly 
needed for a long time. The growing 
body of knowledge about the physical 
universe has naturally forced the sci- 
entist and engineer to specialize more 
and more. Each specialty has become 
a field of study in itself, and even 
the specialty fields are subdividing. 
Within the special field of servomech- 
anisms, for example, many engineers 
are specializing in electromechanical 
servos, or nonlinear electromechanical 
servos, or even error measuring devices 
in nonlinear electromechanical servos. 
In the face of this individual special- 
ization, competition among men and 
nations in a world of exponentially in- 
creasing population is forcing the de- 
velopment of very complex large-scale 
systems which must unite the efforts 
of a large number of these specialties 
toward a common end. ‘This is es- 
pecially true in the areas of communi- 
cations, transportation, and defense. 
Thus, at the same time that the 
increasing depth of the smallest area 
of science is forcing more and more 
specialization, social and economic 
conditions are demanding generalists 
in increasing numbers. Such general- 
ists have been called engineer-scien- 
tists, or system engineers. They are 
the coordinators of the specialties, 
leaders of teams of specialists, and 
their jobs get more difficult as the 
systems get larger and more complex. 
This book is a text for the system 
engineer. It concentrates on the very 
large systems, such as those for traffic 
control and telephone networks, so 
that as many as possible of the meth- 
ods, parts, and tools of system engi- 
neering may be dealt with adequately. 
The designer of smaller systems will 
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GET FAST DELIVERY ON HIGH PRECISION RATE 
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You’re used to fast delivery at mini- 
mum cost from the Bendix Synchro 
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The photo above shows the ex- 
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operate—linear accuracy is even 
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Phase shift O = 0.1 degrees 
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Heat Transfer | Gear Pumps: Ask 


atus: Ask | for Bulletin 17-A 


THERMAL CONDUCTIVITY 
GAS ANALYZERS 


| —for Gas Purity, Gas Mixing 
and Process Control of — 


Argon Ortho-Para 
Carbon Dioxide Hydrogen 
Deuterium High Energy 
Ethylene Oxide Fuels 
Freon Nitrogen 
(Genetron) Oxygen 
Helium Special 
Hydrogen Atmospheres 
— And Many Others 
Other Gow-Mac Analyzers include: 
GAS BLENDER — For quality con- 
trol, oxygen or hydrogen burn-out 


and uniform quality of cylinder 
mixes and cascades. 

“GAS MASTER" — For closely linked 
laboratory systems. Has ali compo- 
nents in a single package. 

GAS CHROMATOGRAPHY T/C CELLS 
(Detectors) 

PLANT STREAM T/C CELLS — For 
continuous service. 

ANEMOMETER (MANOMETER) CELL 
—For the measurement of very 
low flow and pressure. 


Call or write for bulletins; Address Dept. Tl 


NEW BOOKS 


thus be more than satisfied by the 
content of this book. 

The writing has a flowing, easy-to- 
read style that does not waste too 
many words. ‘The size of the book 
is an honest reflection of the breadth 
of the subject. Organization and rel 
ative emphasis on topics are harder to 
assay because of individual preferences 
on areas of major emphasis. ‘The 
authors, of course, had to concentrate 
on those areas which seemed to them 
most important generally and on those 
that required more than average space 
for clarification. 

Goode and Machol’s organization ot 
the subject goes as follows: After an 
introduction, a part on “Probability 
The Basic Tool of Exterior System 
Design”, which runs some 70 pages. 
Next a part on “Exterior System De 
sign”, which discusses the basic formu 
lation of the problem and tells how 
to construct mathematical models of 
the system and experiments to prove 
their validity. The next 90 pages are 
devoted to “Computers—The Basic 
Tool of Interior System Design’’, and 
includes discussion of construction fea- 
tures, operation, programming, etc., 
of both digital and analog machines, 
as well as analog-to-digital and vice 
versa converters. ‘The last 200 pages 
of text are spent on the tools, steps, 
and equipment of “Interior System 
Design”. ‘This last part includes chap- 
ters on queueing theory, game theory, 
linear programming and group dy 
namics, simulation, component parts, 
information theory, servomechanism 
theory, and human engineering. The 
book concludes with an epilogue on 
the economics of large systems, test 
and evaluation of large systems, and 
the management of engineering effort. 

This book has been designed as a 
text, and eight of the 31 chapters in- 
clude a list of problems to be worked 
out by the student. ‘The problems 
are answered at the end of the book. 
Also, 145 references to pertinent liter- 
ature are made, often with the au- 
thors’ comments on their particular 
usefulness to the system engineer. 

The book contains all the mathe- 
matics necessary for the system en- 
gineer, but it is so organized that these 
parts may be easily skipped over by 
management people who want just an 
overall appreciation of the difficult 
problems these system engineers face. 
Actually, except in a few instances 
where the Laplace and Fourier trans- 
forms are used, the mathematics does 
not go higher than fundamental cal- 
culus. 





Only NLS Digital Voltmeters give you 
consistent speed and accuracy in... 


RECEIVING INSPECTION 
‘e ™ 


4 < e 
LABORATORY INSTRUMENT “WA 


AUTOMATIC DATA LOGGING 


HERE is a fully automatic digital voltmeter that embodies 
all the time-proved features of reliability, accuracy, and read- 
out speed of the NLS model 451 DC meter PLUS automatic 
calibration and an AC-DC converter. Unskilled personnel can 
easily read and understand the illuminated 4-digit numerical 
display of voltages in ranges from 0.001 to 999.9 AC or DC. 

Reliability and long life are assured by NLS exclusive oil bath 
immersed stepping switches. Accuracies are guaranteed to a 
resolution of one-digit; linearity of .01% ; voltage standardiza- 
tion to .02%. The Model 4512 will make precise voltage meas- 
urements considerably faster than any other type of measuring 
equipment — automatically shows DC polarity and automatically 
changes voltage ranges. Interconnection may be made with other 
NLS equipment such as input scanners, serial converters and 
print controls—to fit individual automation system require- 
ments. Automatic data logging systems utilizing Clary printers, 
Flexowriters, Electric Typewriters, Paper Tape Punches and 
IBM card punches can be inexpensively adapted to model 4512. 


Originators of 
the Digital 
Voltmeter 


non-linear systems, 


inc. San Diego County Airport, 
Del Mar, California 
Sales Engineering Offices 
in Los Angeles, 
San Francisco, 





NLS is the originator and fore- 
most producer of digital voltme- 
ters with full scale ranges from 
10 millivolts to 1000 volts; sensi- 
tivity from 1 microvolt up; read- 
ing speeds of up to 20 per second; 
accuracies approaching .01%;up 
to 6 digit, I” high illuminated 
readouts. 


NLS Digital Voltmeters and 
Ohmmeters, Ratiometers, Scan- 
ners, and Converters are in 
volume production and prompt 
deliveries are assured. Write or 
wire for complete data. 

NLS provides engineering and 
service facilities in principal 
cities—coast to coast. 


Phoenix, Cleveland 


and Orlando, Fila. 


OCTOBER 


1957 








FREED wnar's aneao: MEETINGS 
MAGNETIC 
AMPLIFIERS 


FOR IMMEDIATE DELIVERY 


FAST RESPONSE 
MAGNETIC AMPLIFIERS 
2%, response Phase reversible 


OCTOBER 


National Electronics Conference, | 3th 
Annual, Hotel Sherman, Chicago 
Oct. 7-9 
American Institute of Electrical Engi- 
neers, Fall General Meeting, Hotel 
Morrison, Chicago Oct. 7-11 
American Institute of Electrical Engi- 
neers, Feedback Centrol Systems 
Committee, “Computers in Control 
Symposium”, co-sponsored by IRE, 
Professional Group on Automatic 
Control, and ASME-IRD, Chal- 
fonte-Haddon Hall Hotel, Atlantic 
City, N. J. Oct. 16-18 
Institute of Radio Engineers, Cana- 
dian Convention, Exhibition Park, 
Toronto, Can. Oct. 16-18 
National Conference on Industrial 
Hydraulics, sponsored by Armour 
Research Foundation and _ Illinois 
Institute of Technology, Hotel 
Sherman, Chicago Oct. 17-18 
Computer Application Symposium, 
sponsored by Armour Research 
Foundation, (registration fee of $35 
includes luncheons), Hotel Sher- 
man, Chicago Oct. 24-25 






































‘ "a | Total 
No. a le outp. ma KY Q 


Mar-1 15 | 12 12 
|MAP-2 15 | 16 24 
MAP-3 15] 20 0.5 
MAP-3-A\ 15] 7.0 2.9 
MAP-4 115 | 8.0 6.0 
MAP-7 15| 06 28 
MAP-8 110] = 1.75 0.6 
All units designed for 115V-AC operation 
Send for NEW or" transformer catalog. 


Also ask mea com laboratory test instru- 
ment cata 


FREED TRANSFORMER CO. INC. 
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Mc GRAW-HILL 
DIRECT MAIL LIST SERVICE 


McGraw-Hill Mailing Lists 
Will Help You 








Merchandise your advertising 
Conduct surveys 

Get inquiries and leads 

for your salesmen .- 
Pin-point geographical 

or functional groups 

Sell direct 

Build up weak territories 

Aid dealer relations 





Direct Mail is a 
@ well rounded Business Paper ‘advertisi 
program. 


medium at the same time as they con 
trate on the bes? b 


Most progressive componies allocate oa 
portion of their ad budgets to this second 


cen- 





publications make up ovr 150 mai 
lists. Pick YOUR prospects out of 
Industrial Direct Mail catalogue. 


Write for your free copy. 
It contains complete information. 





600,000 of the top antee: influences in 
the fields covered by the McGrow- 


Hill 
ling 
our 
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Institute of Radio Engineers, 
Coast Aeronautical and Naviga- 
tional Conference, Lord Baltimore 
Hotel and 7th Regiment Armory, 
Baltimore, Md. Oct. 28-30 


NOVEMBER 


International Metal Exhibition and 
Congress (39th annual), Interna- 
tional Amphitheatre and Palmer 
House, Chicago Nov. 2-8 

International Congress & Exhibition 
of Instrumentation & Automation 
(INTERKAMA), Dusseldorf, Ger- 
many Nov. 2-10 

American Institute of Electrical Engi- 
neers, 9th Annual Machine Tool 
Conference, Hotel Schroeder, Mil- 
waukee, Wis. Nov. 4-6 

American Institute of Electrical Engi- 
neers and Instrument Society of 
America, 10th Annual Conference 
on Electronic Techniques in Medi- 
cine and Biology, Harvard Univer- 
sity, Cambridge, Mass. _— Nov. 6-8 

Institute of Radio Engineers, 3rd 
Instrumentation Conference and 
Exhibit, Theme: Instrumentation 
for Data Handling, Biltmore Hotel, 
Atlanta, Ga. Nov. 11-13 

Institute of Radio Engineers and 
American Institute of Electrical 
Engineers, Conference on Magne- 
tism and Magnetic Materials, Shera- 
ton-Park Hotel, Washington, D. C. 

Nov. 18-21 








whatever .@ 
your 
publication needs... 


Equipment Manuals — Product Cata- 
logs — Handbooks — Training Aids — 
Industrial Relations Literature — Pro- 
cedural Guides — Engineering 
Presentations — --— and any type of 
technical literature 


use our speciglists in ——— 
WRITING .< . EDITING 
ILLUSTRATING ... PRINTING 


McGRAW-HILL 
Technical Writing Service* 
330 West 42nd St., N.Y.C. 36 
LOngacre 4-3000 





ELECTRO-HYDRAULIC 


PILOT VALVES 


CAPACITIES TO 600 GPM 


Frequency Response -:. 10.,;-Accuracy - 


Hagan PowrAmp Electro-Hydraulic Pilot Valves are dc 
actuated, permanent magnet motor driven, two stage 
servo valves used for the transfer and control of high 
pressure hydraulic fluid to power cylinders or motors 
driving dampers, valves, test models etc. As seen in the 
diagram at right, dc current inputs drive the first stage 
spinning pilot valve. This first stage hydraulic output 
drives the first stage piston-sleeve and the second stage 
high pressure stem. 

Operating with supply pressures of up to 2000 psig and 
available in 18, 54, 80, 185, 369 and 600 gpm capacities at 
2000 psi pressure drop, the Hagan Electro-Hydraulic Pilot 
Valve can control up to 300 usable hydraulic horsepower. 
Its permanent magnet motor and spinning pilot valve 
design provide virtually a frictionless and hysteresis-free 
valve as compared with the conventional iron core solenoid 
type of valve. The complete isolation of first and second 
stage valves allows the second stage to be applied in pneu- 
matic service if desired. 

This high power servo valve is a part of the Hagan 
“PowrAmp” line which also includes transducers for most 
key variables and electronic control computers. Available 
as separate components or as units of engineered systems, 
the complete line is described in Bulletin MSP-133, which 
will be sent on request. 


For additional information on the Hagan Electro-Hydraulic 
Pilot Valve, write for Specification Sheet GH-300. 


4 
| 
| 
| 


OOveLE OWF 
OC CURRENT 


better 
than 





SPECIFICATIONS 


Capacities—Up to 600 gpm at 2000 
psi drop 


PERMANENT 
MAGNET 


SPINNING 
r2 PLOT waive 


Hysteresis—Less than .05% full vaive 
7 a FIRST STAGE stroke 

W772 «On. - RETURN 

Repeatability— Better than 0.1% full 
vaive stroke 





__ FIRST STAGE 
PISTON SLEEVE 


Closed Loop Frequency Response — 
1% to 10 cps depending on model 
and load 


—————. SECOND STAGE STEM 


<A —~10 POWER OPERATOR 
ZIZIZLIZA __wicn, omessune Input—Double differential dc cur- 
rents of +50 ma. Resistance of each 
coil 5002. Maximum current, each 
coil, 10O0ma. Maximum voltage, 
100 vdc. 


SUPPL 
"1? POWER OPERATOR 


HIGH PRESSURE 
Ou RETURN 


CHEMICALS & 
CONTROLS, INC. 


HAGAN BUILDING, PITTSBURGH 30, PENNSYLVANIA 
DIVISIONS: CALGON COMPANY, HALL LABORATORIES 


IN CANADA: HAGAN CORPORATION (CANADA) LIMITED 
OFFICES IN: MONTREAL, TORONTO, VANCOUVER, EOMONTON 


OCTOBER 1957 


0.1% - Hysteresis - iss 0.05% 
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why de you histhade: 
‘Take any One 


JF THESE BOOKS 


FREE 


| with membership in 

fr ee | NcCraw-Hill’s Book Club for 
ed Electronics and Control 
Engineers 


TOM: Sie 
5 





MAIL ENTIRE COUPON TO: 


The McGraw-Hill Electronics and Control Engineers’ Book Club 
330 West 42nd Street, New York 36, N. Y. P. O. Box 97 


Please enroll me as a new member of the Electronics and Control 
Engineers’ Book Club. I am to receive FREE the book I have indicated 
along with my first selection checked below. You will bill me for my 
first selection only at the special club price, plus a few additional cents 
for postage and handling. (The Club assumes this charge on prepaid 
orders.) Forthcoming selections will be described to me in advance 
and I may decline any book. I need take only 3 selections or alternates 
in 12 morths of membership. 


( Pulse and Digital Circuits by lisher’s Price, $10.00. Club Price, 
$8.50. 


All books are chosen by editors Jacob Millman, Professor of Elec- 


of the McGraw-Hill Book Com- 

pany whose thoroughgoing under- 

: standing of the standards and 

re values of technical literature will 

be your guarantee of the authori- 
tativeness of the selections. 


trical Engineerin, Columbia . 

University and Hirhert Taub, C Transistors in Radio and Tele- 

Associate Professor of Electrical vision by Milton S. Kiver, Author 

Engineering, The City College of of Color Television Fundamentals. 
‘ew York Publisher’ . Price, Publisher's Price, $6.50. Club 

$12.50. Club Price, $10. Price, $5.50 


] Modern Physics for the Engi- ( Servomechanism Practice by 
neer edited by Louis N. Ridenour, W. H. Ahrendt, President, The 
Vice President, International Ahrendt Instrument Company 
Telemeter Corporation. Publisher's Publisher’s Price, $7.50. Club 
Price, $8.00. Club Price, $6.80. Price, $6.35 
© Electronic Analog Computers, [) Automatic Feedback Control 
2nd Ed., by Granino H. Korn and System Synthesis by John G. 
Theresa M. Korn, Industrial Con- Truxal. Professor and Head, Dept. 
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ces Electronics and Con- 
trol Engineers find these impor- " ‘ ul ‘ P 
tant technical books indispensable From this point on, the choice is 
to a field so dynamic that even yours. If you want the main selec- 
specialists can hardly keep up! tion you do nothing ; the book will 

be mailed to you. If you want an 

alternate selection or if you want 
How many of the hooke shown no book at all for that two-month 


here do you wish you had imme- period, you notify the Club by Club Price, $6.40. technic Institute of Brooklyn. Pub- 


lisher’s Price, $12.50. Club Price, 

take one AS A GIFT and one as paid envelope enclosed with your 

your first selection ... your intro- Bulletin. 

duction to a technical reading 

program that cannot fail to be of 

value to you. We ask you to agree only to the 

: purchase of three books a year. 

Certainly out of the large number 

The McGraw-Hill Electronics and of books in your field offered you 

Control Engineers’ Book Club was in any twelve months there will 

organized for engineers like your- be at least three you would buy 

self to bring to your attention in any case. By joining the Club 

outstanding books in your field you will save, in cost, about 15 

that you might otherwise miss. percent from the _ publishers’ 

The twelve books shown above prices. 

suggest the quality of the volumes 

that will be made available to 

you. And you may obtain any or It’s up to you. Reach for your pen 

all selections at substantial sav- right now and fill out the coupon. 

ings. You need send no money now. 
Remember, by taking advantage 
of this special introductory offer 

How the Club operates. The Club you will receive absolutely FREE 

will describe all forthcoming se- any one of these books, together 

lections to you. Every second with your first selection—at the 

month you will receive the BHlec- special club price. 

tronics and Control Engineers’ 

Book Club Bulletin. This gives 

complete advance notice of the So while this offer is in effect, 

next main selection as well as a put your application form in the 

number of alternate selections. mail today! 


tronics Production by John M. 
Carroll, Associate Editor, Blec- (J Electronic and Radio Ene::.ecer- 
tronics Pubiisher’s Price, $6.50. ing, 4th Ed., by Frederick E. Ter- 
Club Price, $5.5 man, Dean, School of Enginvering, 
Stanford University Publisher's 
Contracts, Spceifeations and Price, $13.50. Club Price, $11.50. 
ngineering Relations, 3d E 
by Daniel W. Mead, rewritten by (1) Analog Computer Techniques 
the Staff of Mead and Hunt, Inc., by Clarence L. Johnson, Cajtain, 
and Joseph R. Akerman, Revisions U. 8S. Air Force; Assistant Pro- 
Editor and _ Principal aoe fessor of Mathematics, U. 8 Air 
Publisher’s Price, $7.00. “lub Force Institute of Technology 
rice, $5.95. Publisher’s Price $6.00 Club 


Price, $5.10 

© Random Processes in Auto- 

matic Control by J. Halcombe © Introduction to Numerical 
Laning, Jr... Deputy Associate Analysis by F. D. Hildebrand, 
Director and Richard H. Battin, Associate Professor of Mathe 
Assistant Director, Instrumenta- matics, Massachusetts Institute of 
tion Laboratory, Massachusetts Technology Publishe r” s Price, 
Institute of Technology. Pub $8.50. Club Price, $7.2 


No-risk guarantee. If not compietely satisfied, I may return my first 
shipment within 10 days and my membership will be canceled 
ED os vccgpcieve< vee ‘ (Please Print) 
Address 

Zone . ; 
CON-10-57 
This offer is available only in the United States and ws rssessions. 
In Canada write McGraw-Hill Canada, 253 Spedina Ro , Toronto 4. 
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Here A. E. Sibley (right), Data Systems and Automation section head, discusses new methods of applying digital conversion equipment 
to a high speed plotting problem with C. M. Wimberley (center), Programming and Mathematical Analysis group leader, and 

E. K. Fisher, Manager of the Data Services and Mathematics Department. In rear: Electronics Specialist F. A. Alvina operates a recently 
developed high speed data conversion system producing 704 computer tape directly from originally recorded telemetering tape. 


Lockheed Missile Systems announces new positions in 


DATA PROCESSING 


@ Few areas of missile systems technology equal automatic 

data processing and analysis in the need for continuing advances. 
At Lockheed Missile Systems, a major effort is underway in 
these fields. Emphasis is on new methods and approaches in all 
phases of automatic data conversion, processing and analysis. 


This expanding program has created a number of new positions for 
engineers and scientists in areas of fiight test analysis, flight test data 
processing, mathematical analysis and automatic data conversion. 


Assignments are of a mos. cdvanced nature and include: 


= Flight Test Data Analysis 

New methods of analyzing reduced data and technical reporting in fields 
of aerodynamics, propulsion, guidance, telemetry, dynamics, environ- 
mental testing and behavior of ballistic and non-ballistic missiles. 

# Flight Test Data Processing 

Developing new methods of processing. making maximum use of 
automatic equipment. 

= Mathematical Analysis 

Utilizing IBM 704 and 650 digital computers on advanced data 
processing, celestial mechanics, thermodynamics, flight controls and 
aerodynamics. New approaches to complex problems are stressed. 

= Automatic Data Conversion 

Developing new procedures and systems of electronic and 
electromechanical equipment to reduce human operations and 
decisions to a minimum and to convert large amounts of data into 
optimum form for advanced analysis. ; 


Positions are open through supervisory levels. Those possessing 
a high level of ability and interest in these growing fields are 
invited to address the Research and Development Staff 

at Sunnyvale 15, California. 


AND ANALYSIS 


PALO ALTO-~ 
32 MILES FROM 
SAN FRANCISCO 


or SUNNY VALE - 
/ 38 MILES FROM 
SAN FRANCISCO SAN FRANCISCO 
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ck tced, MISSILE SYSTEMS 


A DIVISION OF LOCKHEED AIRCRAFT CORPORATION 


VAN NUYS + PALO ALTO + SUNNYVALE 


CALIFORNIA 





If you want to draft a more 


successful engineering career... 


MANY DOUGLAS ASSIGNMENTS LET YOU 


FOLLOW THROUGH FROM DESIGN TO DELIVERY 


Frequently, it’s important that you have the chance to apply 
theories you’ve helped to develop. Douglas is anxious that engineers expand 
their knowledge of a problem in practical ways. This is accomplished 
by keeping your assignments varied ...by often letting you follow 
the job through to completion. There are many exceptional 
opportunities to start your career at Douglas, including... 


CAREER OPPORTUNITIES FOR STATIC AND 
DYNAMIC TEST ENGINEERS! 


wind tunnel and flight tests to insure the 


Aeronautical and Mechanical Engineers conduct ground, 4 
design integrity of the aircraft. 
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For important career opportunities | 

nye be: © MOUGLAS A > 

in your field, write: Cj wee T4er: 

c. C. LaVENE yen Fe Wa 
DOUGLAS AIRCRAFT COMPANY cai Ly aren 
D-620 
SANTA MONICA, CALIFORNIA FIRST IN AVIATION 
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@ Research 
® Testing 
@ Design 
@ Patents 


EMPLOYMENT OPPORTUNITIES 


The Advertisements in this section include all employment opportunities—exeuu- 
uve, hnical, selling, office, skilled, manual, ete. 
Positions Vacant Civil Service Opportunities Employment Agencies 
Positions Wanted Selling Opportunities Wanted Employment Services 

Part Time Work Selling Opportunities Offered Labor Bureaus 


DISPLAYED —--RATES ——- UNDISPLAYED 
The advertising rate is $22.50 per inch for all adver- $1.80 per line, minimum 3 lines. Te figure advance 
th on other t & con 8. payment 


@ Instrumentation count 5 average words as a line. 
Contract rates quoted on request. Box Numbers—counts as | line. 
= Control Systems An advertising inch is measured %” verticall paym madi ance 
yous Discount of | if full ent is ie in adv 
column—8 columns—30 to & page. f : = insertions, 


“ a. inches s 4 consecuti 
@ Economic Studies Subject to Agency Commission ~" ns 


Not subject to Agency Commission. 
Send NEW ADS to Classified Advertising Div. of CONTROL ENGINEERING, P. 0. Box 12, N. Y. 36, N. Y., 
@ Management for N 


ovember issue closing October 4th. 
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C. A. HISSERICH 


Recording Systems and Components 


Tape and Film Transports 
Synchronous Drives 
Modulator Heads 


Wave Filters 
Calif. State Reg. Prof. Eng. E.E. =2082 
PHONE—OLympia 2-194 | 
954 Hancock Ave Los Angeles 46, Calif 


McCann Engineering Company 
Consulting Mechanical Engineers 


Design and Development of Test Equipment 
or Synchros, Potentiometers, Gyros, Etc. 
Redesign of Products—Trouble Shooting 
Production—Automatic Machinery 
Special Machines with Sequence, Form 
Recognition, Dimension Decision and 
Special Environment Features 
9210 So. Vermont Los Angeles 44, Calif 


CAREER OPPORTUNITIES 


With a company making premium grade elec- 
tronic equipment for aircraft for almost 30 years. 
Located in the beautiful lake region of Northern 
New Jersey, less than 35 miles from New York City. 


© TRANSISTOR CIRCUIT 
PROJECT ENGINEER 
GYRO DESIGN ENGINEER 
TECHNICAL WRITERS 
TRANSMITTER DESIGN ENGINEERS 
CHIEF ENGINEER TO HEAD SERVO AND 
INSTRUMENT DEPARTMENT 
METHODS ENGINEERS 


ENGINEERING QUALITY CONTROL 
DEPARTMENT HEAD 


Enjoy the pleasure of working in a new laboratory 
in a company whose products are known as the high- 
est quality in the industry. 








Navigation Systems 

Communication 
Systems 

Servos 

Transistors 

Transmitters 

Receivers 

Antennas 


























EUGENE MITTELMANN, E.E., Ph.D. 
Consulting Engineer, Physicist 
INDUSTRIAL ELECTRONICS 
RESEARCH DEVELOPMENT 

Mathematical Analysis, Instrumentation & Control 


549 W. Washington Bilvd., Chicago 6, Illinois 
Phone: STate 2-3171 








H. M. SPITZER 
Automation, Instrumentation, 
Applications Specialist. 

Systems Analysis and Design of Automatic Controls 

and Instrumentation for all Industries 

Custom Drafting and Blue Print Service 
Electrical, Mechanical, Structural 

Let us solve your control ond instrumentation prob- 


eme 
P. O. Box 53 





Port Republic, Va 


























SVERDRUP & PARCEL, INC. 


Engineers—Architects 
Comprehensive Control Pngineering Services 
Systems analysis and design of autcmatic controls 
and instrumentation for atomic energy ... chem- 


Write or call collect: Personnel Manager 
ieal plants petroleum refineries . a steel 


plants test facilities and other process 


industries Boonton, N. J. DE 4-1800—Ext. 238 


915 Olive Street St. Louis 1, Missouri 


























ENGINEERS 


If you have been looking for an Employment Agency 
that is skilled in the STATE OF THE ART of 


. 
Attention experience in electrical motors or motor pumps. 
Technical Recruitment and RELIABILITY = You'll be with a well established division of a 
FORMATION concerning positions, why n 


multi plant manufacturing company located in the 
municate with us at once! ALL POSITIONS YEE finest vacation land in America. All expenses as- 
PAID. sumed by our company client. Contact in con- 

FIDELITY PERSONNEL SERVICE fidence. 


1218 Chestnut St. Phila. 7, Pa. MONARCH PERSONNEL 
Specialists in Aviation, Electronics and Nucleonics 23 E. Jackson Boulevard, Chicago 4, Illinois 


INFRARED 


ELECTRICAL ENGINEER 


$10,000 per year plus—young designer—2 years 


As you already know, the field of Control En- 
gineering is growing by leaps and bounds 
throughout all industries. What you might not 
know is that many, many companies have 
actually scheduled big programs in instru- 
mentation and automatic control for 1957. 
Many of these firms, out of necessity, will 








MARKET RESEARCH ASSISTANT 


have to enlist the aid of a Consulting Engi- 
neer to solve problems that will arise result- 
ing from this changeover. 


sional Services Section’’ of Control Engineer- 
set in standard size and style as shown 
above. The rates for this service are ex- 
tremely low, per quarter on a six- 
twelve month basis. Bills are rendered each 


the month following date of invoice. Send 
us your card for the next issue now. 





By offering your specialized services 
through a professional card in this ‘’Profes- 


ing you will attract new clients. Cards are 


month basis—and $45.00 per quarter on a 
calendar quarter. Cash discount 2%-10th of 











SYSTEMS SPECIALIST 


M.M.E. and Physics with substantial ex- 
perience in basic optical design and 
optimization of parameters for the devel- 
opment of advanced infrared systems. 
Recent patent applications in these areas. 
Additional experience: precision mechani- 
cal and el ig ad- 
ministration and supervision. 

responsible position, some super- 
vision, with well established company in 
od close to larger city. Family man, lower 
orties. 





PW-6087, Control Engineer 
68 Post St., San Francisco 4, Calif. 








ELECTRICAL ENGINEER, or MECHANICAL 
ENGINEER with some electrical back- 
ground, interested in MARKET RESEARCH 
with manufacturer of recording and con- 
trolling instruments. Work involves field 
surveys on instruments for process manu- 
facturing and utilities industries, and pre- 
paring comprehensive reports; also sales 
analysis. Send Personal Resume with sal- 
ary requirements to: C. R. DeArman, Mgr. 
Market Research, The Bristol Company, 
Waterbury 20, Connecticut. 
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EMPLOYMENT OPPORTUNITIES 


do beter at 


BENDIX PRODUCTS DIVISION 


Are you interested in 


COMPUTER 
APPLICATIONS 


ENGINEERING 
ANALYSIS? 


A recent expansion of equipment and 
building for the Computer Center pro- 
vides many opportunities for increased 
responsibilities and association with the 
latest available equipment. Computer 
experience is desirable but not necessary. 
Openings are available for engineers, 
applied physicists, and applied mathe- 
maticians without previous computer 
experience interested in analysis and com- 
puter applications. On-the-job training 
in the use of computers is given. 
Installation includes Electronic Analog, 
Digital Differential Analyzer, General- 
Purpose Digital Computer, and Jet En- 
gine Simulator for complete analysis of 
control and structural problems with di- 
versified applications as associated with— 


% TURBOJET, RAM-JET, AND ROCKET 
ENGINE CONTROL SYSTEMS 


% AIRCRAFT SHOCK STRUTS, WHEELS 
AND BRAKES, AND HYDRAULICS 


yx AUTOMOTIVE BRAKES, POWER BRAKES 
AND STEERING 


Future plans call for operational 
research application. 

Send a summary of your educational 
and engineering background to: 


Mr. J. P. Makielski 
Technical Employment 
Bendix Products Division 
702 Bendix Drive e South Bend, Indiana 


FE 


lf 
I o 


ys 
Condi” él 


PRODUCTS 
DIVISION 


od 
gre 


Jer the base 


the brighter the future 


It just makes good sense—the range of job 
opportunities is far wider and advancement 
opportunities greater with a company operat- 
ing on the sound basis of diversified engi- 
neering and manufacturing. 


CONTROL ENGINEERING 


Where's the 


FIRE? << 


See Bottom 


of Column 





INSTRUMENT AND 
CONTROL ENGINEER 


Application Engineer in instrementation 
and control. Must be cap of eng 
ing complete instr tati and trol 
systems for conventi or power 
plant applications may test projects. 


Salary commensurate with ability and ex- 
perience. 











Will assist in instrumentation and control 
work on the fast breeder type reactor. 
Experience is essential but does not have 
to be ciated with st projects. 





For further information write 


P. AMERMAN 
ATOMIC POWER 
DEVELOPMENT 
ASSOCIATES, INC. 
1911 First Street 
Detroit 26, Michigan 














ELECTRICAL ENGINEERS 


WANTED for development work on in- 
dustrial instruments and _automation. _This 
involves el ly 
instruments, tel teri lectronic con- 
trol and self- ‘balancing reco ecorders. Expe- 
rienced Electrical ring graduates 
with working — = of servo mecha- 
nisms preferred. al paid benefits in- 
cluding Somes hospitalization, and 
pension. Send your reply to: 


W. D. McCREA, CHIEF ENGINEER 
THE BRISTOL COMPANY 


Waterbury 20, Connecticut 














Fire up your income and your 
opportunities at ASCOP where 
you will find red hot oppor- 
tunities in the fields listed be- 
low. Call or write, Technical 
Personnel Manager. 


ELECTRONIC ENGINEERS 
Skilled In 
Data Acquisition 
Data Handling 
RF Techniques 
Circuit Design 
Transistor Applications 


“SASCOP 


APPLIED SCIENCE CORP. 
OF PRINCETON 
22 Wallace Road, Princeton, N. J. 
Phone Plainsboro 3-4141 
Dept. B, 15551 Cabrito Road 
Van Nuys, Calif. 
Phone State 2-7030 





ange Planning 
and 
mega at Marquardt... 


by 
Roy E. Marquardt 
President 


Although ramjet development in the 
Powerplants Division is the major 
activity here at Marquardt, there are 
three other divisions carrying on 
significant work; Controls and Ac- 
cessories, Test, and Long Range 
Planning and Research. 


The youngest of these Divisions is 

Long Range Planning and Research. 
Headed by John Drake, and number- 
ing 50 engineers, the Division has 
two primary functions: 
PLANNING — anticipating product 
trends in areas where we now oper- 
ate or might enter. Actually this 
planning is done in a staff capacity, 
and normally the results end up as 
recommendations. 
SUPPORT— to the other divisions, 
by introducing product improv ements 
which offer promise for the future. 
These improvements generally in- 
volve a small scale program to estab- 
lish the idea as feasible. This research 
function also may be concerned with 
areas which do not fit into present 
Marquardt projects. 

Long Range Planning and Research 
was begun in 1954. One of its first 
studies concerned areas where the 
ramjet can now be used or where it 
might be used in the foreseeable fu- 
ture. To date some exciting new 
powerplant cycles have been plotted. 
Some are variations of cycles now in 
existence, others are radically dif- 
ferent. 

Projects also have probed new 
“exotic” fuels, new types of diffusers, 
accessory systems, and controls. One 
phase of Aircraft Nuclear Propul- 
sion is now being explored. 

Ground was broken near Newhall, 
California recently for a research 

test center. This aerodynamic facil- 
ity will have testing capabilities to 

ach 14.5 as a wind tunnel and Mach 
10 for free jet testing with excellent 
simulation of full scale flight condi- 
tions (Reynolds Number). In addi- 
tion, it will permit simulation of 
combustion conditions to Mach 8 and 
altitudes above 150,000 feet. 

Within this Division, research en- 
gineers will find a spectrum of re- 
search engineering opportunities, 
including: 
DESIGN AERO-THERMODYNAMICS 
NUCLEONICS HEAT TRANSFER 
CONTROLS COMBUSTION 


For information about these positions 
and the professional engineering en- 
vironment at Marquardt, we invite 
you to write Jim Dale, Professional 
Personnel, today. 


Ch ee 


Marquardt sia 


2% 
VAN NUYS, CALIFORNIA > Bs sti 5 UTAH 


FIRST IN PAMJETS 











Marquardt Means Opportunity 
engineers have a veritable spect 

ects at Marquardt Aircraft, the 
where an ENGINEER/BARRIER* ha 
isted. Here in an engineering e1 


you will work with a management 
nizes and rewards the contribut 
neers. Look to your future by 
Marquardt, today. Addre 

Jin Dale, Prof - 


ional Personnel, d 
16557 Saticoy St., marqua . 
Van Nuys, Calif. van murs, carro 


Shown Here: John Drake, Director of Long R 


Planning and Research Divisior 





_ *“ENGINEER| BARRIER —an achievement level beyond which you cannot advance. 


EMPLOYMENT OPPORTUNITIES 








A POSTAGE STAMP 
CAN CHANGE YOUR WHOLE FUTURE 


Sometimes little things can be mighty 
important. For example, a three-cent 
stamp can put in your hands a complete 
account of opportunities in the guided 
missile field. 

The guided missiles business is the 
business of the future, and your future 
can be brighter with Bendix—the prime 
contractor for the important and success- 


ful Talos Missile. 


Here at Bendix you will be associated 
with many of the world’s foremost mis- 
sile engineers. The work necessarily 
covers the broadest possible technical 
assignments with practically unlimited 
opportunity for advancement. 

The thirty-six-page booklet, “Your 
Future in Guided Missiles’’, contains 


exactly the type of information every 
ambitious engineer should have. 


It gives a detailed background of the 
function of the various engineering 
groups such as systems analysis, guid- 
ance, telemetering, steering intelligence, 
evaluation engineering, missile testing, 
environmental testing, test equipment 
design, reliability, ram-jet propulsion 
and hydraulics, and other important 
operations. 


Mail this coupon today. It can bring 
you a brighter tomorrow. 


“Bands —prime contractor 


for the TALOS MISSILE 


Bendix Products Division—Missiles 
404 I, Bendix Drive, South Bend, Indiana 


Gentiemen: | would like more information concerning opportunities in guided 
missiles. Please send me the booklet “Your Future In Guided Missiles’’. 


a 


ADDRESS 
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To 
EMPLOYERS 


who advertise 
for MEN: 


When there are many appli- 
cants for a single position it 
frequently happens that the 
only letters acknowledged 
are those of the most promis- 
ing candidates. Others may 
not receive any indication 
that their letters have even 
been received by a prospec- 
tive employer much less 
given consideration. These 
men often become discour- 
aged, will not respond to 
future advertisements, and 
sometimes question their 
bona fide character. 


Every advertisement print- 
ed in the Employment Oppor- 
tunities Section is duly au- 
thorized. 


It will help to keep our 
readers interested in this ad- 
vertising if you will acknowl- 
edge every application re- 
ceived, even if you merely 
return the letters of unsuc- 
cessful applicants with, “Po- 
sition filled, thank you” writ- 
ten or stamped on them. If 
you don't care to reveal your 
identity, mail them in plain 
envelopes. 

We suggest this in a spirit 
-of cooperation between em- 
ployers and the men replying 


to Positions Vacant adver- 
tisements. 


Classified Advertising Division 


McGraw-Hill Publishing Co., Inc. 














EMPLOYMENT OPPORTUNITIES 


ytet 
Vian | << ase the rt HE CANNOT om HIMSELF 


. .. BUT MAN HAS CREATED 
A FANTASTIC SERVANT... 


In a day when fascinating new computing concepts 
have swept scientific thought past all known barriers, 
it is easy to forget that behind all this amazing prog- 
ress lies the one essential element for its success — 
MAN. 


Although he creates computers and electronic brains 
that numb the imagination, the thinking man knows 
he is the first, and the most indispensable, of all com- 
puters. His genius at enslaving machinery to work 
with speed and accuracy surpassing his own is shown 
by today’s electronic computers, which save man eons 
of time in solving problems recently considered hope- 
lessly complex. 


BURROUGHS ALWAYS NEEDS Good ENGINEERS 


Solving many of these problems has enabled man to 
plan further accomplishments for his new electronic 
servant. In the future this remarkable assistant will 
handle languages as well as numbers; it will be 
capable of diagnosing and treating many illnesses; 
and, in industry, will actually “run” a plant. These 
are but a few instances of the computer's apparently 
limitless potential in a future restrained only by the 
boundaries of man’s imagination. 


Endowing computers with these near-human capac- 
ities is the special work of our talented creative teams 
at the Burroughs Research Center in Paoli, Pa. At 
this modern facility you can take part in our ambi- 
tious program, tackle new and refreshing assign- 
ments, guarantee your professional future and give 
your family the advantages of modern living in an 
established suburban community. 


Our present needs are for people experienced in 
Electronic Digital Computers, Guided Missiles, Radar, 
Fire Control Systems and allied areas of electronics, 
with specific emphasis on men who by education or 
experience can qualify for the openings listed herein, 


Write or Telephone 
M. E. JENKINS 
Placement Manager 


PAOLI 4700 
For Interview at Your Convenience 


BURROUGHS 


CORPORATION 
Research Center 


PAOLI, PA. 
On Philadelphia’s Main Line, 
Near Historic Valley Forge 
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Senior RESEARCH PHYSICIST 
Senior ELECTRONICS ENGINEER 


The new Central Research Laboratory of Continental Can Company has several 
opportunities for versatile scientists and engineers with advanced degrees and indus- 
trial experience to pioneer in the application of acoustics, optics, mathematical 
physics, electronics, rheology, solid state physics, and other fundamental fields to 
long-range industrial problems in such areas as energy conversion, cutomatic controls, 
instrumentation, and communications. 


The wide variety of materials manufactured or fabricated at high speeds by Con- 
tinental includes metals, glass, plastics, paper, fiber, and combinaticns of these, and 
provides opportunities for advancing knowledge in many new fields. Research 
facilities of the Company’s new Chicago laboratories are believed second to none, 
and are located so as to allow staff members to live in some of the finest western and 
southern suburbs of the city. Proximity to the John Crerar Library, Armour Research 
Foundation, the University of Chicago, Argonne National Laboratory, and many 
leading maufacturers of scientific and technical equipment enhances professional 
development and expedites accomplishment in chosen fields. 


Staff members will be granted the full degree of individual recognition attainable 
in a total staff of 100 covering the fields of chemistry, metallurgy, engineering, and 
physics, and will have the opportunity to work closely with scientists and engineers 
in the other fields. Salaries and other benefits meet the highest industrial standards. 


Please write, giving a brief resume of qualifications, to Director Physics Re- 


search, Central Research and Engineering Division, Continental Can Co.., 
7622 S. Racine Avenue, Chicago 20, Illinois. 











Exceptional career opportunities are 
available at 


LOCKHEED’S 


FOR INFORMATION 


GEORGIA DIVISION About Classified Advertising 


AIRBORNE ELECTRONIC 
SYSTEMS DEVELOPMENT 
SPECIALISTS 


Three experienced Electronic Engineers are 


Cosine 
McGraw-Hill Office a You. 


ATLANTA, 3 








ded i diately as follows: 


*RADAR PHOTOGRAMETRIC SPECIALIST 
To evaluate radar mapping systems and to 
establish parameters to meet overall re- 
quirements for radar mapping systems. 


“ELECTRONIC SYSTEMS ENGINEER 
Masters Degree in Electronics and strong 
background in Mathematics required. To 
evaluate electronic systems, coordinate com- 
puter operations between Electronic Sys- 
tems Division and Mathematical Analysis 
Department, and monitor electronic systems 
on an active electronic reconnaissance pro- 
gram. 


“ELECTRONIC RECONNAISSANCE 
SYSTEMS ENGINEER 
To evaluate airborne electronic reconnais- 
sance systems in an active program and 
establish parameters to meet mission re- 
quirements. 


Please send complete resume to 
RICHARD P. GREEN 
ional Engi ing Personnel 


LOCKHEED AIRCRAFT CORPORATION 


834 W. Peachtree Street, N.W. 
Atlanta 8, Georgia 
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1301 Rhodes-Haverty Bldg. 


JAckson 3-6951 
R. POWELL 


BOSTON, 16 
350 Park Square 


HUbbard 2-7160 
J. WARTH 


CHICAGO, 11 
520 No. Michigan Ave. 


MOhawk 4-5800 
W. HIGGENS 


CINCINNATI, 37 
2005 Seymour Ave. 


ELmhurst 1-4150 
F. ROBERTS 


CLEVELAND, 15 
1510 Hanna Bldg. 


SUperior 1-7000 
W. SULLIVAN 


DALLAS, 2 
1712 Commerce St. 
Vaughan Bldg. 


Riverside 7-5117 
G. MILLER 


DETROIT, 26 
856 Penobscot Bldg. 


WOodward 2-1793 
W. STONE 
LOS ANGELES, 17 


1125 W. 6th St. 


MAdison 6-9351 
G. FRUHLING 
. McMILLAN 


D 
NEW YORK, 36 
500 Fifth Ave. 


OXford 5-5959 
R. LAWLESS 


17th & Sansom St. 


Rittenhouse 6-0670 
R. EDSALL 
H. BOZARTH . 


ST. LOUIS, 8 
3615 Olive St. 


Jefferson 5-4867 
F. HOLLAND 
SAN FRANCISCO, 4 
68 Post St. 


DOuglas 2-4600 
R. ALCORN 
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a 
Basic facts, data, and |. 
information you need 
for more effective 


CONTROL WORK | 


TS, 





@ 6 volumes 
assembled 
for your 
convenience 


2505 fact- 
filled 
pages 


1377 illus- 
trations to 
clarify each 
point 





W RITTEN by experts, this Library offers you 
a thoroughgoing foundation in control 
engineering—tacts, data, and engineering 
know-how to make your work eaiser, faster, 
and soundly engineered. You have every help | 
in designing, analyzing, using, and working 
with control equipment of all types. 
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The Library covers vital areas of control en- 
gineering—gives you practical facts and neces- | 
Sary theory on a host of subjects, together with 
reference information, drawings, and material | 
in graphic and tabular form. 


CONTROL 
ENGINEERS’ 
LIBRARY Your Key to 


* 

Don’t wait for this field the coming 
to outgrow the background era of 
you already have in engi- 
neering Use this Library AUTOMATION 
now to prepare yourself for 
transition to control engi 
neering or to turn your 
foothold in the field into a springboard to suc 
cess. 














Look to this practical Library for vital data 
on control circuits... essential information on 
automatic feedback control systems and 
the mathematical theory of servos 


In addition, you find outlined the mathemat 
ical and physical mechanisms developed for 
use in automatic computation, important facts 
on d-c analog computers, and help on observing 
analogous systems 


INCLUDES THESE VOLUMES: «© Cockrell’s Industrial 
Electronic Control * Ahrendt and Taplin’s Automatic | 
Feedback Control * Thaler and Brown’s Servomechanism 
Analysis © Bnoineering Research Associates’ High-speed 
Computing Devices * Korn and Korn’s Electronic Analog 
Computers « Soroka’s Analog 
Methods in Computation and Sim- 
ulation. 


—Save 


00 
‘5 10 DAYS’ FREE TRIAL 
ee EASY TERMS 
$5.00 over price 


of books bought ------ 41 
separately. 
amr McGraw-Hill Book Co., Inc., | 
e 327 W. 4ist St., N. Y. 36, N. Y | 
| Send me the 6-volume CONTROL ENGINEERS’ 
| LIBRARY for 10 days’ examination on approval. In | 
10 days, I will remit $4.50, then $7.00 monthly there- 
| after until $39.50 is paid, or return books postpaid. 


| PRINT 


}OOHOHOOOOOOSOE 


| Name 
Address 
| City 
| Company 
| Position 
For price and terms outside U. 8. 
| write McGraw-Hill Int’l., N. Y. ©. 36 | 
FCON-10 1 | 


O66 66666666 666666666666 & 
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computers 


Northrop needs computing analysts, qualified either 
by experience or education, to work in their ever- 
expanding Computer Center at Hawthorne, in 
Southern California. If you are qualified, there is 
an interesting position as well as a bright future for 
you at Northrop. 

Applied mathematicians and engineers are 
needed as computing analysts for assignment to 
Northrop’s analogue computing facility, as well as 
their enlarged digital electronic computer depart- 
ment which provides unparalleled service in the 
practical solution of complex engineering problems. 

Your assignments will be fresh and stimulating, 
and you will have frequent opportunities to advance 
in your field. Besides an excellent salary, you will 
receive company-paid benefits that are unexcelled 
in the entire aircraft industry. Your colleagues will 
be the brilliant engineers who developed the USAF- 
Snark SM-62 intercontinental guided missile and 
the new USAF-Northrop T-38 supersonic twin-jet 
trainer. These men are congenial and helpful, and 
will respect your ability and individuality just as 
Northrop expects them to do. And you and your 
family will fully enjoy Southern California’s many 
attractions and its delightful all-year climate. 

If you qualify for any phase of computer 
research, design, or application, we invite you to 
contact the Manager of Engineering Industrial 
Relations, Northrop Division, Northrop Aircraft, 
Inc., ORegon 8-9111, Ext. 1893, or write to: 1041 
East Broadway, Dept. 4600 T, Hawthorne, Calif. 


NORTHROP 


Northrop Division of Northrop Aircraft, Inc. 
BUILDERS OF THE FIRST INTERCONTINENTAL GUIDED MISSILE 


89999999999 999 099999999 999999999999 99999999999999999999999 9999999999999 20S Soe ee ne nee 
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WHY ir tRIMMERS? 


TYPE RV% 


TYPE RV % 


TIC, originator of trimmer pots, combines advanced design tech- 
niques and craftsmanship in its miniature and subminiature 
precision trimmer potentiometers. Pot size ranges from 3 inch to 
¥ inch ... power ranges up to 4 watts. 


TIC pots provide the ultimate in: 
© Long Term Reliability 
by use of precious metal contacts 
— low temperature coefficient of 
resistance 


® Rugged Construction 
for resistance to shock and 
vibration 

@ Flexibility of Design Applications 
a variety of shapes for optimum 
space use 

© High Resolution 


@ Sealing Design Techniques 
provides protection against mois- 
ture and salt spray 





TYPE 
RFT* 
RWT 
RV 
RV % 


TURNS 
25 metallic film 


RESISTANCE RANGE 
50 to 25K ohms 
50 to 15Kohms 
50 to 100K ohms 
100 to 100K ohms 
* Optimum spacing — as many as 7 in area of 1 sq. in. 
All designed for the most stringent aircraft and rocket applications. 





TEMPERATURE RANGE 
55° to +4125°C 
55° to +95°C 
—55° to +145°C 
55° to +145°C 








25 wire wound 





1 wire wound 





1 wire wound 











All units are available from stock in production quantities. 


Complete information on request. 


TECHNOLOGY INST 


523 Main Street, Acton, Mass. 


TYPE RFT* 


TYPE RWT 


These advanced design features 
provide for wide applications : 


> Threshold voltage adjustment 

> Fixed gain adjustment 

> Parameter compensation 

> Critical magnetic and electric bias 
> Establishing circuit values 

p> Padding 

> Balancing adjustments 


> Adjusting scale factors 





RUMENT CORP. 


COlonial 3-7711 
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THE KING and the THREE ROYAL COINERS 


There was once a great king who thought to celebrate his fiftieth 
year by having a new coin struck in his own likeness. He called 
together his three royal coiners and asked them what they 
proposed. 

The first coiner suggested that the king be portrayed as the 
great monarch he was—with majestic robes, bejeweled crown, 
and mighty scepter. The second coiner urged that the king be 
represented as a humble monarch, as indeed all knew him to be 
—with royal robes but without crown and scepter. The third 
coiner thought that the king should be portrayed as both mon- 
arch and husband—he therefore proposed that the queen be 
included on the coin. 

After the third coiner had spoken, all three began to quarrel 
as to which of the proposals was most appropriate to the occa- 
sion. The king listened awhile and then ordered them to desist, 
cease, and be quiet. ““This matter is easily resolved,’’ he said in a 
commanding voice. ‘‘We shall assume that all three are fitting 
and proper to the occasion. So you will, therefore, strike a coin 
with a single likeness of myself wearing a crown and not wearing 
a crown, holding a scepter and not holding a scepter, with the 
queen and not with the queen. You have till noon tomorrow to 
present me with the required coin.” 

The three coiners left the palace very much saddened by the 
task the king had set for them. As they made their way to the 
royal mint, they discussed how they might render the coin to 
meet the king’s demands. “‘ ‘Tis of no avail,”’ said the first coiner. 
“There is no answer. The king but toys with us.” “There must 
be an answer,’’ squeaked the second coiner, *‘. . . I’m too young 
to...to...!"’ —he couldn’t bear to say it. The third coiner 
just groaned. And so they continued on their way as silent as 
tombstones. 

By and by they met a jolly old woman who inquired about 
their long faces and heaviness of spirit. They told her in 
mournful tones of the command the king had given them. She 
laughed till their ears rang and said in a creaky voice... 
*‘*What ne’er is possible in each apart, 
May by blending solutions start.’’ 


She then reached into her black purse and drew out a shiny 
penny. In a low voice she began to unfold the simple principle 
that would enable them to meet the king’s demands... for a 
crown and no crown, a scepter and no scepter, a queen and 
no queen. 

When the old woman had concluded, all agreed that what she 
had shown them was indeed the answer they had been seeking. 
They paid the old woman well for her help and went straightway 
to work on the coin. 


At the appointed hour, they presented the king with a most 
unusual coin . . . on one side of the coin the king was portrayed 
in all his majestic robes, and on the other side there appeared a 
crown, a scepter, and the queen. When the king saw the coin, 
he mumbled and grumbled and spoke right out . . . “‘Do you 
mock me, you knaves! This does not fulfill the conditions I 
set for you.” 

“Ah!” said the first coiner, “begging the king’s pardon, but it 
does . . . allow me to demonstrate.’’ He then took the coin, 
placed it on edge, and flicked it with his finger so that it spun 
round and round. Lo and behold, as the king watched the coin 
he saw the likeness of himself wearing a crown and not wearing 
a crown, holding a scepter and not holding a scepter, with the 
queen and not with the queen. The king so marvelled at the 
resourcefulness of his coiners that he thought to make better use 
of their talents. He made them tax collectors! 


MORAL FOR PROCESS DESIGNERS 


Systems do what individual instruments could never do. In 
the skillfull blending of ideas, quality instruments, and 
processes is born the golden age of automatic control. 


For imaginative systems planning supported by realistic 
instrumentation, get in touch with the F & P Sales Engineer 
nearest you. Or, for further information, write Fischer & 
Porter Co., 807 County Line Road, Hatboro, Pa. In Canada, 
write Fischer & Porter (Canada) Ltd., 2700 Jane St., 
Toronto, Ontario. 


FISCHER & PORTER CO. 


Complete Process Instrumentation 








Control 


ENGINEERING 


INSTRUMENTATION AND AUTOMATIC CONTROL SYSTEMS 











Sorting Mail 
Automatically 





Calculating 
Gyro Torque 





Infrared Analyzers 


